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The human gallstones were analyzed by the conventional method-Infra-
red spectroscopy. The major components found were cholesterol, 
calcium palmitate, calcium bilirubinate and calcium carbonate. 
Quantitation was done by the methods of calibration curves, using the 
characteristic peaks. The samples were diluted with spectrograde 
potassium bromide and pressed into a disc. Then, the disc was irridated 
by infra-red and the amount of the compounds of interest were obtained 
from the calibration curve. 
The method of calibration curve was done with taking account of the 
disc weight and thickness using the representative peaks currently used. 
The method of calibration curVe was compared with the method of 
standard addition. Standard addition was done by adding an appropriate 
amount of standard into the sample which was diluted with spectrograde 
potassium bromide. Assuming the standard addition could reduce 
matrix effects the accuracy of the method of calibration curve was 
checked. 
From the data obtained by the method of calibration curve, it was found 
that the mean values of the two major components (cholesterol and 
calcium palmitate) of Hong Kong's gallstones were the intermediate 
between Cholesterol Gallstones and Pigment Gallstones. The content of 
Hong Kong's gallstones was not as extreme as that of the European 
gallstones, thus Hong Kong's gallstones may be classified as mixed 
stones. 
It was found that there was significant difference between the results 
obtained by the methods of calibration curve and standard addition. The 
study of the interferences found that there were significant interferences 
between the major components when the conventional representative 
peaks were used. Quantitation by two representative peaks was tested. 
Finally, it was found that quantitation by a single peak was better but 
another set of major peaks was chosen (except for calcium carbonate). 
On the other hand, constants related to the interferences were found and 
iii 
the enhancement and suppression among the analytes were found. 
Wet oxidation and dry oxidation of samples were compared for the 
determination of total calcium (major metal in the composition of the 
gallstones). Total calcium was determined by a well-accepted method-
Flame emission spectroscopy. It was proposed that calcium mainly 
formed the major compounds (calcium palmitate, calcium carbonate and 
calcium bilirubinate) in gallstones. Then, it was proposed that total 
calcium could be estimated by taking account of their molecular weights 
as follows. 
Total calcium = % CaPAL x (40/278.4) + % CaCOs x (40/100) 
+ %CaBILx (40/584.7) 
where 40 = atomic weight of calcium 
278.4 = molecular weight of calcium palmitate 
100 = molecular weight of calcium carbonate 
584.7 = molecular weight of calcium bilirubinate 
% CaPAL, % CaCCb & % CaBIL: found by FTIR 
A relationship between the calcium content found by FES and that 
found by FTIR was found. 
y = 0.6042 x +2.7182 
where y = total % Ca found by FES 
x = total % Ca found by FTIR 
The mean difference of calcium content between the two methods for 50 
samples was 0.03 %. The difference was small, that estimation would 





































CaPAL Calcium palmitate 
CaCCh Calcium carbonate 
CaBIL Calcium bilirubinate 
FTIR Fourier transform infrared spectroscopy 
u 
FES Flame emission spectroscopy 
AAS Atomic absorption spectroscopy 
HPLC High-performance liquid chromatography 
DTGS Deuterated triglycine sulfate 
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Introduction 
Analysis of the composition of gallstones has been performed for many 
years, as scientists want to know the cause of gallstone formation. The 
composition of gallstones and blood of patients are examined to trace the 
relationship between the particular elements and disease such as sickle cell 
anemia^) 
Gallstone formation^) in the gallbladder is a common disease and 
constitutes a major health problem worldwide. Treatment of gallstones 
usually consists of the removal of both the gallbladder and stones. 
Gallstones can be conveniently grouped into four major types depending 
on their composition: cholesterol stones (>70 % cholesterol by weight), 
mixed stones (which consist of varying concentrations of cholesterol and 
bilirubinate salts), brown and black pigment stones (both consist mainly of 
various bilirubinate salts with < 10 % cholesterol by. weight). Gallstone 
occurrence is significantly higher in western countries (where 
approximately 25-35 % of the population is affected) where cholesterol 
and mixed stones predominate, compared with non-Western countries 
(where occurrence affects less than 10 % of the population), where 
pigment stones predominate. The occurrence of both groups of stones is 2-
3 times more common in women than in men. 
Pure cholesterol stones are uncommon. They may be round or ovoid and 
have a light-coloured crystalline appearance. A small amount of 
discoloration due to pigment may be present. 
Mixed stone is the most common type of stones in western countries. 
Within this one category, huge differences in size, number, colour and 
chemical composition can occur. When sectioned, they often exhibit 
l 
concentric layers of cholesterol and pigment, rather like the rings in a tree 
trunk, or the body of the stone may be surrounded by a shell of crystalline 
material. The nature of the center can also vary greatly. Crystals of 
cholesterol, calcium and pigment salts and even cavities are all commonly 
found. Their colour may vary from green to yellow, gray, black or brown. 
Brown pigment stones are rare in western countries. They are soft and 
crumble easily, often to reveal white visible "spots" in their interior. On the 
other hand, black pigment stones constitute up to 20 % of gallstones in 
u 
western countries. 
Reviews of reported methods: " 
Quantitation was limited as about 66 % of the dry weight was insoluble. 
There were a number of methods for the analysis of gallstones: Infrared 
spectroscopy(3), x-ray diffraction^)，atomic absorption spectroscopy 
(AAS)(5> uv-visible spectroscopy^), high-performance liquid 
chromatography(7.10) and ultrasonic studies(11). 
(A) Infrared spectroscopy 
Trotman^ suggested that 300-700 jig sample was finely ground in a 
mortar，then mixed and reground with 100 mg of spectral grade potassium 
bromide for 7 min. The resulting fine homogeneous powder was placed in 
a stainless steel die and pressed at 20,000 psi in a hydraulic press for 3 min. 
An infrared spectrum was obtained. Quantitation was done by the method 
of calibration curves. 
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To quantify the amount of pigment (mainly calcium bilirubinate), 
calcium carbonate and cholesterol in gallstones, a series of known 
standards were prepared. Commercially obtained chemicals 
(unconjugated bilirubin, cholesterol and calcium carbonate) were 99 % 
pure. Calcium bilirubinate was synthesized as described by Sutor and 
Wilkie(13). 
Standard curves for pigment, cholesterol and calcium carbonate were 
obtained by the baseline method using the conventional peaks at 1614 
cm"1, 3400 cm"1 and 865 cm"1 respectively(14). 
Jean-Pierre Henichart^) suggested that calcium palmitate was obtained 
from the corresponding sodium s^lt. 
Soloway(16) suggested to use the peak at 2920 cm"1 or 1535 cm*1 for the 
quantitation of calcium palmitate as there were interferences in other 
peaks in the presence of calcium bilirubinate. 
Infra-red spectroscopy is a fast method. The sample preparation is 
simple and direct. Several components can be determined 
simultaneously if the compounds have distinct IR absorption peaks and 
the interferences between the major components are small. 
(B) X-ray diffi-action 
Sutor and Wooley(17) used x-ray diffraction for the characterization of 
gallstones, but this method requires the presence oi crystalline structure. 
Consequently, a significant proportion of non-crystalline gallstones, 
especially pigment stones, cannot be characterized by x-ray diffi-action. 
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(C) Atomic absorption spectroscopy (AAS) 
Calcium, magnesium, sodium and potassium were determined by 
AAS(lg) after ashing the stone powder at 600 °C for 18 h. 
(D) UV-Visible spectroscopy 
u 
Phosphorous was determined by colorimetric method^) after acid 
digestion of the samples. The method is based un the reduction of 
phosphomolybdic acid by hydroquinone to a substance which is blue in 
the presence of sulphate. “ 
This method had a drawback. The determination had its limitations for 
ashing with sulphuric acid (aided by nitric acid or hydrogen peroxide). 
The quantity of sulphuric acid used must not be too large, otherwise the 
reduction of phosphomolybdic acid will be retarded; and it must not be 
too small, or there will be danger of loss of phosphate (variously 
ascribed to volatilization, to the formation of pyro- or metaphosphoric 
acid, and to combination with the glass). 
(E) High-performance liquid chromatography (HPLC) 
Cholesterol has similar structure to cholic acid^�). Cholic acid is the 
most abundant acid obtained from the hydrolysis of human bile. Bile is 
produced by the liver and stored in the gallbladder. 
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Therefore, the determination of cholesterol could be carried out with 
reference to the fluorescence high-performance liquid chromatographic 
determination of bile acids(21). 
The determination of free fatty acids(22) could be modified for 
cholesterol. 
A rapid, accurate and precise method for the determination of 
cholesterol in milk fat using supercritical fluid chromatography (SFC) 
has been described^). That method could be modified for the 
/r 
determination of cholesterol in gallstones. 
A reverse phase high performance liquid chromatographic method for 
the determination of cholesterol in silicone oils(24) was reported. The 
components in the mixture were removed from the matrix with 
recoveries close to 97 % by solid-phase extraction with silica cartridges 
and subsequently separated on a C8 column. It was found that 
cholesterol had high solubility in methanol, acetonitrile and acetone 
with recoveries about 97 %. 
All the above methods are not specific to gallstones. In addition，only 
cholesterol is placed in consideration. 
(F) Ultrasonic studies 
Singh^) suggested the use of ultrasonic method to characterize the types 
of gallstones. Everyday, thousands of hospitals and medical centers 
throughout the world use ultrasound for routine clinical diagnostics, 
therapeutic and surgical applications in different parts of the body. The 
importance of diagnostic ultrasound is comparable with that of X-
- 5 
radiography, nuclear medicine and other investigative techniques; 
ultrasound is non-invasive and safe for both patient and operator. 
A large variation in the ultrasonic properties of gallstones has been 
observed due to their complex structures and variable compositions. The 
stones have been grouped into three categories: cholesterol (soft), 
bilirubinate (intermediate) and mixed (hard). 
The disadvantage of this method is that it does not discriminate the 




This project was divided into three parts. 
The first part is to investigate the major components (cholesterol, 
calcium palmitate, calcium bilirubinate and calcium carbonate) in 
gallstones for local patients in Hong Kong by Infrared spectroscopy 
with reference to the conventional method. Results obtained by the 
methods of calibration curves and standard addition were compared. 
The analysis of the interferences among the major components was 
1» 
studied. 
As calcium was the major metal in gallstones, the second part was the 
analysis of total calcium. Total calcium was analyzed with reference to 
the conventional me thoda tomic absorption spectroscopy^)- Treatment 
of samples was tested. 
The third part was to propose the relation between total calcium 
estimated by Fourier transform infrared spectroscopy (FTIR) and total 
calcium found by Flame Emission Spectroscopy (FES). 
The structures of cholesterol (i) and bilirubin (ii) are shown in Fig. 1. 
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1• Structuras of chol®st»rol ( i ) 
and bilirubin ( ii ) 
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Parti 
1. Principle of Fourier transform infrared spectroscopy (FTIR) 
The infrared region^T) of the electromagnetic spectrum extends from the 
red end of the visible spectrum to the microwave region. The region 
extends from 14000 cm"1 to 20 cm"1. 
« 
The mid-infrared region (4000 cm'1 to 200 cm'1) is useful because the 
u 
characteristic peaks of functional groups appear in this region. 
Atoms or atomic groups in molecules are in continuous motion with 
respect to one another. The possible vibrational modes in a polyatomic 
molecule can be visualized from the mechanical model shown in Fig. 2. 
Fig. 2. Mechanical model of a 
polyatomic molecule 
• 9 
Atomic masses are represented by balls, their weights being proportional 
to the corresponding atomic weights and arranged in accordance with the 
actual space geometry of the molecules. Mechanical springs, with forces 
proportional to the bonding forces of the chemical links, connect and 
keep the balls in balance. If the model is suspended in space and struck, 
the balls appear to undergo random chaotic motions. However, if the 
vibrating model is observed with a stroboscopic light of variable 
frequency, certain light frequencies are found at which the balls appear 
to be stationary. These represent the specific vibrational frequencies for 
the motions. 
r 
Correlation of infrared spectra with molecular structure: 
The infrared spectrum of a compound is essentially the superposition of 
absorption bands of specific functional groups, yet subtle interactions 
with the surrounding atoms of the molecule impose the stamp of 
individuality on the spectrum of each compound. For qualitative analysis, 
one of the best features of an infrared spectrum is that the absorption or 
the lack of absorption in specific frequency regions can be correlated 
with specific stretching and bending motions and, in some cases, with 
the relationship of these groups to the rest of the molecule. Thus, when 
interpreting the spectrum, it is possible to state that certain functional 
groups are present in the material and certain others are absent. With this 
one datum, the possibilities for the unknown sometimes can be narrowed 




Much useful correlation has been found in the mid-infrared region. This 
region is divided into the 'group frequency' region, 4000-1300 cm"1, and 
the fingerprint region, 1300-650 cm-1. In the group frequency region the 
principal absorption bands are assigned to vibration units consisting of 
only two atoms of a molecule~that is, units that are more or less 
dependent on only the functional group that gives the absorption and not 
on the complete molecular structure. Structural influences do reveal 
themselves, however, as significant shifts from one compound to another 
in the derivation of information from an infrared spectrum, prominent 
bands in this region are noted and assigned first. In the interval from 
4000 cm1 to 2500 cm-1, the absorption is characteristic of hydrogen 
stretching vibrations with elements of mass 19 or less. The C H 
stretching frequencies are especially helpful in establishing the type of 
compound present; for example, O C ~ H occurs around 3300 cm.1， 
aromatic and unsaturated compounds around 3000-3100 cm'1, and 
aliphatic compounds at 3000-2800 cm]. When coupled with heavier 
masses，the hydrogen stretching frequencies overlap the triple-bond 
region. 
The intermediate frequency range, 2500-1540 cm1, is often called the 
unsaturated region. Triple bonds, and very little else, appear from 2500 
to 2000 cm" • Double-bond frequencies fall in the region from 2000 to 
1540 cm-1. By judicious application of accumulated empirical data, it is 
possible to distinguish among 0 0 ， C = C , C=N, N = 0 and S=0 bands. 
The major factors in the spectrum between 1300 cm'1 and 650 cm.1 are 
single-bond stretching frequencies and bending vibrations of polyatomic 
systems that involve motions of bonds linking a substituent group to the 
remainder of the molecule. This is the fingerprint region. Multiplicity is 
•* 11 
too great for assured individual identification of the bands, but 
collectively the absorption bands aid in identifying the material. 
Instrumentation: 
Infrared instrumentation is divided into two classes, dispersive and 
nondispersive. The dispersive instruments use a prism or grating and are 
similar to ultraviolet-visible dispersive spectrometers except that, in the 
infrared region, different sources and detectors must be used. 
Nondispersive spectrometers may use interference filters，tunable laser 
sources, or an interferometer in the very popular Fourier transform 
infrared (FTIR) spectrometer. In the infrared region, front-surfaced 
» 4 
mirrors are used, since glass and quartz, used in lenses, are opaque to 
infrared radiation. 
Quantitative analysis is based on Beer's law. The radiant power of a 
beam of radiation is proportional to the number of photons per unit time. 
Absorption occurs when a photon collides with a molecule and raises 
that molecule to some excited state. Each molecule can be thought of as 
• - . 
having a cross-sectional area for photon capture, and photons must pass 
within this area to interact with the molecule. The cross-sectional area 
varies with wavelength and represents, in effect, a probability that 
photons will be captured by any given molecule. The rate of absorption 
as a beam of photons passes through a medium depends on the number 
of photon collisions with absorbing atoms or molecules per unit time. 
• . 
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Beer's law can be summed up by the following equation. 
A = abc 
where A = absorbance with arbitrary unit 
a = proportional constant with unit: L/g cm 
b = cell length with unit: cm 
c = concentration of absorbing material with unit: g/L 
Absorption of radiation by molecules at specific wavelength is 
frequently used for quantitative analysis as there is a likely direct 
relationship between absorbance and concentration. 
r 
Fourier transform infrared spectroscopy (FTIR): 
Infrared radiation^) can be analyzed by means of a scanning Michelson 
interferometer. This consists of a moving mirror，a fixed mirror, and a 
beamsplitter. Radiation from the infrared source is collimated by a 
mirror, and the resultant beam is divided at the beamsplitter; half the 
beam passes to a fixed mirror and half is reflected to the moving mirror. 
After reflection, the two beams recombine at the beamsplitter and, for 
any particular wavelength, constructively or destructively interfere, 
depending on the difference in optical paths between the two arms of the 
interferometer. With a constant mirror velocity, the intensity of the 
emerging radiation at any particular wavelength modulates in a regular 
sinusoidal manner. In the case of a broadband source the emerging beam 
is a complex mixture of modulation frequencies that, after passing 
through the sample compartment, is focused onto the detector. This 
detector signal is sampled at precise intervals during the mirror scan. 
Both the sampling rate and the mirror velocity are controlled by a 
• 13 
reference signal incident upon a detector, which is produced by 
modulation of the beam from the helium-neon laser. 
The resulting signal from detector is known as an interferogram and 
contains all the information required to reconstruct the spectrum via the 
mathematical process known as Fourier transformation. 
The mathematical operations known as Fourier transformation^) provide 
a powerful method of signal-to-noise ratio enhancement. Traditional JR 
collects data in frequency domain while FTIR collects data in time 
/r 
domain. Therefore the time required for a single scan is greatly reduced 
in FTIR. This is called Felgett's advantage. 
.. 14 
2 Experimental 
2.1 Method of calibration curve for FTIR 
2.1.1 Materials and reagents 
Gallstone samples were supplied by the Prince of Wales Hospital in this 
research. 
Calcium bilirubinate is prepared as in "The crystalline salts of calcium 
• • • • 广 
bilirubinate in human gailstones(30)." 
Calcium palmitate is prepared as "in “Identification of calcium palmitate 
in gallstones by infrared spectroscopy(31)." 
Potassium bromide is spectral grade. 
All other chemicals (including palmitic acid, bilirubin, cholesterol and 
calcium carbonate) are analytical reagents. 
Instrument: Nicolet 205 FTIR with DTGS detector, 
resolution = 4.0 cm'1，No. of scans = 120，scan from 4000 
to 400 cm"1，energy ratio ( 3400 cm"1 / 1300 cm'1 ) = 31.21 
GRASEBY SPEC AC die (13 mm diameter) was used to prepare the disc 
forlRiiradiation. 




The gallstones were collected from the Prince of Wales Hospital. They 
were washed with distilled water and dried at 1 0 5 � C for 24 h. They were 
put into a desiccator before use. 
1. With reference to the introduction, the procedure was done as follows. Each 
whole sample was crushed and ground into fine powder. 0.7 mg sample 
was mixed with 100 mg spectrograde potassium bromide. The mixture was 
mixed in a mortar for 7 min and 100 mg of the resulting mixture was 
transferred into the die (13 mm diameter). The die was pressed under 
20，000 psi for 3 min. Preparation of the standard was the same as that of the 
samples except that weighing of 'the sample was replaced by weighing of 
the standard. 
The absorbance is corrected by multiplying 0.0800 an<J 0.3450 (to 
standardize) and dividing the weight and the thickness of the disc. 
Calibration was performed by the preparation of a range of 
concentrations for different standards. With reference to 
Gastroenterology^)，concentration ranges (Cone. Range) for the 
different standards were between about 0.0 to 0.8 % (w/w). 
A factor (percentage expected value) was used to compare the 
concentration of analyte obtained by the calibration curve from the 
expected value. The factor of each standard was done by spiking 0.5 % 
(w/w) standard concerned into a sample with the preparation procedure 
same as that of samples. The absorbance was converted into 
concentration by the calibration curve. The factor was calculated by 
dividing the concentration found from the calibration curve by the 
expected value and multiplying 100. The procedure was repeated 10 
•• 16 
times with different samples and the mean value was obtained (Example 
of the calculations was shown in Appendix 1). 
The signal of the blank (potassium bromide) was obtained and the 
concentration was obtained by the calibration curve. The process was 
repeated ten times. The detection limit was calculated, by multiplying the 




2.2 Method of standard addition for FTIR 
2.2.1 Materials and reagents 
The materials and reagents were the same as in section 2.1.1. 
2.2.2 Procedure 
The concentration of analyte in the sample was known from the method 
tf 
of calibration curve. The amount(g) of analyte in 1 g of mixture 
produced from the sample and KBr was calculated. Then, about the same 
amount of the standard was added into the same amount of analyte in the 
sample. Potassium bromide was added to produce 1 g of mixture. 
Dilution was performed when require^ 33). 
Let the instrument response (absorbance) obtained, when no standard 
was added, was R. ； while the iiistrument response obtained, when the 
standard was added, was R,. The absorbance is corrected by multiplying 
0.0800 and 0.3450 (to standardize) and dividing the weight and the 
thickness of the disc. 
R x = kjc 
R, = k(a-hx) 
x 二 ( a x R x ) / ( R , - R x ) 
where k = proportional constant 
工=amount of analyte in-1 g of mixture 
a = amount of standard added in 1 g of mixture 
Example of the calculations was shown in Appendix 2. 
18 
3. Results 
There were a number of peaks in the spectra of cholesterol, calcium 
carbonate, calcium palmitate and calcium bilirubinate. The 
representative peaks were tested with reference to "Identification of 
calcium palmitate in gallstones by infra-red spectroscopy(34).“ 
The representative peaks of the major components were shown in table 1. 
Table 1. 
The representative peaks of the major components of the gallstones. 
Component • Symbol Repersentative peak (cm1) 
“ Cholesterol CHOL 3422 
Calcium palmitate CaPAL 2920 
Calcium bilirubinate CaBIL 1451 
Calcium carbonate CaC03 874 . 
The spectra of the four standard chemicals were shown in Figs. 3-6. The 
concentration of cholesterol, calcium palmitate, calcium bilirubinate and 
calcium carbonate were 0.2 %，0.1 %，0.2 % and 0.8 % respectively. 
One spectrum of the samples was shown in Fig. 7. 
The information of the samples were shown in table 2. 
.‘ 19 
Table 2. 
The information of the gallstone samples. 
Sample code Appearance Sample code Appearance 
# 1 deep brown, soft T 7 pale yellow, soft 
林 2 deep brown, soft T 8 deep brown, soft 
# 3 light yellow, soft T 9 pale yellow, soft 
# 4 yellow brown, soft T 10 pale yellow, soft 
# 5 yellow brown, soft T 11 deep brown, soft 
# 6 pale green, soft T 12 dark black, soft 
# 7 dark brown, soft T 13 dark black, soft 
# 8 dark black, hard T 14 deep brown, soft 
#9 一 dark black, soft 一 T 15 — dark black, soft 
# 10 light yellow, soft T 16 deep brown, soft 
GS 1 white, soft “ T 17 dark black, soft 
GS 4 dark black, soft T 18 deep brown, soft 
GS 6 deep brown, soft T 19 dark black, soft 
GS 7 dark black, soft T 20 deep brown, soft 
GS 8 pale yellow, soft T 21 pale yellow, soft 
GS 9 dark brown, soft T 22 light brown, soft 
GS 10 pale yellow，soft T 23 light brown, soft 
GS 11 dark black, soft T 24 deep brown, soft 
GS 12 dark black, soft T25 white, soft 
T 1 deep brown, soft T26 white, soft 
T 2 dark black, soft T27 deep brown, soft 
T 3 dark black, soft T 28 deep brown, soft 
T 4 deep brown, soft T 29 white, soft 
T 5 pale yellow，soft T 30 deep brown, soft 
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3.1 Results of calibration curve for FTIR 
Results from the calibration curves of different standard compounds 
were shown in table 3. 
Table 3. 
Typical results from the method of the calibration curve 
Standard Correlation Percentage expected RSD (%) of Detection limit 
coefficient (r) value (%, w/w) ten replicates (%) 
CHOL 0.9970 95^0 2^3 ‘ 0 3 2 
CaPAL 0.9992 93^4 Z 5 0A2~ 
CaBIL 0.9966 9 4 7 2 2 ^ 3 8 
CaC03 0.9968 96^0 Z 6 o~43 
'4 
Typical calibration data for cholesterol 
% CHOL (X) Absorbance M 3422 r.nT1 (Y) 
0.00 0.0000 







Y = -5.0441 x 10-3 + 0.2907 X, r = 0.9970 
Typical calibration data for calcium palmitate 









Y = -5.7368 x 10-3 + 1.0680 X, r = 0.9988 
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Typical calibration data for calcium bilirubinate 
% CaBIL (X) Absorbance at 1451 c m ^ m 








Y = 4.7842 x 10-3 + 0.2207 X, r = 0.9966 
if 
Typical calibration data for calcium carbonate 







0.70 0.1588 " 
0.78 0.1677 
Y = 3.1815 x 10-3 + 0.2176 X,r = 0.9968 
One set of calibration curves was shown in Figs 8-11. 
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The results of 50 different samples were shown in table 4 
(concentrations were shown by percentages of the analytes in the 
original sample). 
Table 4. 
Results obtained by the method of calibration curve. 
Sample % CHOL RSD % CaPAL RSD % CaBEL RSD % CaC03 RSD 
code (w/w) (%) (w/w) (%) (w/w) (%) (w/w) (%) 
# 1 20.1 2.9 10.2 3.1 14.7 3.2 18.1 2.8 
# 2 30.4 2.8 5.7 2.9 16.9 2.7 12.0 3.3 
#3 29.0 2.9 8.6 2.8 37.2 3.2" 6.8 2.6 
# 4 24.5 2.6 7.7 ^ 2.3 32.8 3.1 5.0 2.9 
# 5 38.9 3.4 3.6 2.3 23.8 2.7 5.5 2.9 
# 6 29.5 2.5 2.6, 2.9 43.0 2.7 8.1 3.4 
# 7 48.2 2.6 2.4 2.3 14.8 3.2 2.9 2.4 
# 8 29.3 3.3 2.8 2.5 31.0 2 . 1 2.8 2.2 
# 9 16.3 3.1 2.6 2.3 30.3 3.4 3.4 3.1 
# 10 21.8 3.2 7.7 3.3 28.6 3.2 3.7 2.5 
GS 1 20.2 2.9 11.9 2.9 23.4 3.2 5.9 2.4 
GS4 51.7 3.4 2.1 2 4.2 2.6 13.3 3.2 
GS 6 44.8 3.2 ' 3.4 3.1 2.3 2.1 10.3 2.9 
GS 7 27.0 3.3 9.0 2.7 13.0 3.4 7.0 2.6 
GS 8 17.2 3.4 10.7 2.3 41.9 3.3 13.5 2.8 
GS 9 20.0 3.2 14.8 2.9 42.7 2.7 12.1 3.5 
GS 10 12.9 3.2 8.0 3.1 36.6 2.7 10.2 2.7 
GS 11 20.1 2.8 28.7 3.3 17.1 2.7 6.1 2.6 
GS 12 7.2 3.2 6.7 2.7 40.9 2.8 11.5 2.9 
T 1 6.5 2.4 15.0 3.4 43.4 2.3 9.8 3.2 
T 2 26.0 3.5 11.9 3.2 33.1 3.2 11.4 2 . 6 
T3 35.8 2.6 8.2 2.9 27.7 3,1 8.6 2.5 
T 4 29.8 2.7 8.0 3.5 36.5 3.4 10.3 2.5 
T 5 31.3 2.4 3.4 3.2 41.1 2.7 11.6 3.3 
T 6 丨丨 23.5 I 3.5 丨丨 4.4 丨 2.9 丨丨 40.5 丨 3.4 | 丨 8.4 3.2 
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Sample % CHOL RSD % CaPAL RSD % CaBIL RSD % CaC03 RSD 
code (w/w) (%) (w/w) (%) (w/w) (%) (w/w) (%) 
T 7 10.0 2.8 5.9 2.4 44.7 3.2 8.8 2.9 
T 8 33.3 2.2 1.1 2.5 32.9 3.1 9.5 2.9 
T 9 38.3 3.4 3.8 2.3 31.4 3.2 9.5 2.6 
T 10 23.2 2.5 5.9 3.2 36.2 2.7 10.0 3.2 
T 11 21.9 3.3 8.5 2.6 30.5 2.9 11.4 3.4 
T 12 19.9 3.4 5.4 2.2 38.3 3.2 8.9 3.5 
T 13 14.6 2.7 8.1 3.5 43.6 2.1 10.9 3.2 
T 14 12.9 2.6 6.7 3.2 46.0 3.3 10.6 2.8 
T 15 10.8 3.6 7.7 2.3 47.5 3.2 9.1 2.4 
T 16 29.4 2.6 13.0 2.6 13.5 3.4 13.6 2.8 
T 17 27.6 2.5 14.3 2.8 30.7 3.5 5.9 2.2 
T 18 24.1 2.9 12.0 3.2 40.9 2.7 6.5 2.6 
T 19 16.3 2.4 10:2 2.1 42.4 2.9 5.1 2.1 
T20 19.0 2.8 12.8 3.4 25.6 3.5 10.6 3.2 
T21 8.5 2.6 7.2 2.7 48.0 3.3 8.6 2.5 
T22 48.5 2.8 7.2 2.7 6.1 2.7 9.5 3.3 
T23 31.8 3.4 14.6 3.3 15.1 2.3 8.3 3.5 
T24 13.2 2.6 18.7 3.2 43.4 2-.7 10.8 2.9 
T25 24.1 3.4 11.7 3.1 39.1 3.6 9.2 2.3 
T26 32.5 2.9 11.5 3.2 29.2 2.7 8.9 3.2 
T27 23.1 2.2 9.9 2.8 34.8 3.5 8.4 2.9 
T28 19.1 3.2 8.6 3.1 30.6 2.4 10.0 2.8 
T29 28.3 2.6 9.1 3.2 36.3 3.4 10.5 3.1 
T3Q 29.4 2.8 16.6 2.9 20.8 3.3 10.2 2.5 
T31 23.5 2.7 12.7 3.1 33.1 2.7 9.9 2.9 
Max. 51.7 287 48J0 18J 
Min. 6.5 2A 23 ^ 
Mean 24.9 丨丨 9.0 | | | 31.2 II 9.1 
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3.2 Results of standard addition for FTIR 
The results of 50 different samples were shown in table 5 
(concentrations were shown by percentages of the analytes in the 
original sample). 
Table 5. 
Results obtained by the method of standard addition 
Sample % CHOL RSD % CaPAL RSD % CaBIL RSD % CaC03 RSD 
code (w/w) (%) (w/w) (%) (w/w) (%) (w/w) (%) 
# 1 21.2 2.8 12.2 2.8 17.6 2.9 21.9 3.2 
# 2 31.0 3.3 6.8 2.9 20.3 2.6 14.4 3.2 
# 3 30.2 3.5 10.3 3.1 44.6 2.8 8.2 2.7 
# 4 24.3 3.2 9.2 3.2 39.4 3.7 6.0 2.6 
# 5 38.7 2.6 4.3 2.8 28.6 3.6 6.6 2.9 
# 6 29.7 3.1 3.1 2.7 51.6 3.2 9.7 3.1 � 
# 7 48.6 2.9 2.9 2.6 17.8 2.6 3.5 2.9 
# 8 30.2 2.8 3.4 2.9 37.2 2.7 3.4 2.9 
# 9 17.3 2.9 3.1 2.6 36.4 2.9 4.1 3.2 
# 10 22.6 3.2 9.2 2.7 34.6 2.8 3.2 2.7 
GS 1 20.4 3.1 14.3 2.8 28.1 2.7 7.1 2.9 
GS4 51.5 2.6 2.5 2.4 5.0 3.0 16.0 2.8 
GS6 44.9 2.8 4.1 2.6 2.8 2.6 12.4 3.4 
GS 7 29.7 2.7 14.3 2.8 18.5 2.7 13.8 3.5 
GS 8 18.3 2.9 12.8 2.6 50.3 3.3 16.2 3.4 
GS9 21.4 2.7 14.8 3.0 48.2 3.2 12.5 2.8 
GS 10 13.6 3.2 9.6 2.9 43.9 2.8 12.2 2.7 
GS 11 21.5 3.1 26.6 3.2 14.9 2.7 15.5 2.8 
GS 12 8.0 2.7 8.0 3.1 49.1 2.9 13.8 2.9 
T 1 7.2 2.9 18.0 3.0 52.1 3.2 11.8 3.2 
T 2 25.8 3.4 14.3 2.8 39.7 2.8 13.7 3.3 
T3 35.9 3.7 9.8 2.7 33.2 3.1 10.3 2.9 
T 4 30.3 2.6 9.6 2.9 38.8 2.7 11.4 2.8 
T 5 II 31.2 1 2.8 1 1 4.1 | 2.8 丨丨 44.3 | 2.6 丨 | 12.9 2 3 ~ 
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Sample % CHOL RSD % CaPAL RSD % CaBIL RSD % CaC03 RSD 
code (w/w) (%) (w/w) (%) (w/w) (%) (w/w) (%) 
T6 23.6 2.9 5.3 2.9 48.6 2.9 10.1 3.2 
T 7 10.3 3.2 7.1 2.7 53.6 2.7 10.6 3.1 
T 8 34.5 3.3 9.2 3.1 39.5 3.2 11.4 2.9 
T 9 38.2 3.1 4.6 3.2 37.7 3.0 11.4 2.7 
T 10 23.5 2.8 7.1 3.0 43.4 2.8 12.0 2.6 
T 11 22.1 2.7 10.2 3.1 36.6 2.7 13.7 2.8 
T 12 20.5 2.6 6.5 2.1 46.0 2.6 10,7 2.9 
T 13 15.2 2.9 9.7 2.6 52.3 2.8 13,1 3.3 
T 14 13.7 2.7 8.0 2.8 55.2 3.2 12.7 3.5 
T 15 11.4 2.6 9.2 2.7 57.0 3.0 10.9 3.2 
T 16 30.8 2.8 15.6 2.7 16.2 2.9 16.3 2.8 
T 17 28.0 2.8 17.2 2.8 36.8 2.8 7.1 2.7 
T 18 25.2 2.9 14.4 2.9 49.1 2.8 7.8 2.9 
T 19 17.5 3.2 12.2 2.7 50.9 2.9 6.1 3.2 
’ T20 18.9 3.1 15.4 3.2 30.7 2.7 12.7 3.1 
T21 9.1 2.7 8.6 2.8 57.6 2.6 10.3 2.8 
T22 49.0 3.0 8.6 2.9 7.3 2.5 11.4 2.9 
T23 30.7 2.8 17.5 2.5 18.1 3.1 10,0 2.7 
T24 12.8 2.4 22.4 2.8 44.1 3,2 13.0 3.4 
T25 25.3 2.6 14.0 3.4 46.9 2.9 11.0 3.2 
T26 32.4 2.7 13.8 3.2 35.0 2.8 10.7 2.8 
T27 23.1 3.3 11.9 2.8 41.8 2.7 10.1 2.9 
T28 20.1 3.2 10.3 2.7 36.7 2.6 12.0 2.7 
T29 28.6 2.8 10.9 2.3 39.6 3.2 12.6 2.6 
T30 29.3 2.7 19.9 3.5 25.0 3.3 12.2 2.9 
T31 24.1 2.9 15.2 2.9 39.7 2.7 11.9 3.2 
Max. 51.7 2^6 576 2L9 
Min. 6.5 Z5 Z8 32 
Mean 丨 24.9 10.6 36.8 U ^ 
The followings are the results of the Cholesterol Gallstones and Pigment 




Component Range (%) Mean (%) 
% CHOL 60-109 85.2 ± 1.9 
% CaPAL 0-L4 0.49 ± 0.07 
% CaBIL 0.02-2.7 0.71 + 0.1 
% carbonate [ 0-8.6 0.53 士 0.4 
Pigment Gallstones: 
Component Range (%) Mean (%) 
% CHOL 0-25 2.1 ± 1.0 
% CaPAL 9.8-80 34.4 士 3.1 
% CaBIL 0-6.2 2.3 土 0.3 
% carbonate 0-35 ” 6.7 ± 1 . 9 
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4. Discussion 
There were obvious differences in the abundance of cholesterol and 
calcium bilirubinate between samples analyzed in Hong Kong and those in 
the USA. 
With reference to the data obtained by the method of calibration curve, 
the most abundant components were cholesterol and calcium 
bilirubinate (% CHOL + % CaBIL = 76 % of the total four major 
components). 
The cholesterol content predominated in Cholesterol Gallstones (85.2 %) 
while the calcium palmitate content predominated in Pigment 
Gallstones (34.4 %) as shown on page 36. 
By the method of calibration curve, the mean value of cholesterol 
obtained from the samples taken from Hong Kong (25 %) was less than 
that of Cholesterol Gallstones and greater than that of Pigment � 
Gallstones obtained from the USA. On the other hand, the mean value 
of calcium palmitate obtained from the samples taken from Hong Kong 
(9 %) was greater than that of Cholesterol Gallstones and smaller than 
that of Pigment Gallstones obtained from the USA. 
The total content of the four components of Cholesterol Gallstones, 
Pigment Gallstones and Hong Kong's gallstones were about 87 %, 46 % 
and 75 % (from the method of calibration curve), respectively. The total 
content of Hong Kong's gallstones was just between that of the others. 
As the abundance of cholesterol and calcium palmitate of Hong Kong 
gallstone was just between that of Cholesterol and Pigment GaUstones 
and the case in the total content was similar，the nature of the Hong . 
Kong gallstones might be the intermediate between the Cholesterol and 
Pigment Gallstones. The content of Hong Kong's gallstones was not as 
extreme as that of the European gallstones，thus Hong Kong's gallstones 
may be classified as mixed stones. 
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and the case in the total content was similar, the nature of the Hong 
Kong gallstones might be the intermediate between the Cholesterol and 
Pigment Gallstones. The content of Hong Kong's gallstones was not as 
extreme as that of the European gallstones, thus Hong Kong's gallstones 
may be classified as mixed stones. 
The difference between the methods of calibration curve and standard 
addition was tested by the Student's t test3 g ) . 
Let: 
Data A = data obtained by the method of calibration curvfe 
Data B = data obtained by the method of standard addition 
D = data B - data A 
» 
Since cholesterol was the most abundant component in Hong Kong's 
gallstones, cholesterol was considered first in table 6. 
Table 6. 
Student's t test of the cholesterol content (%) 
Sample code Data A Data B D D-Mean D Square of (D-Mean D ) 
# 1 20.1 21.2 1.1 0.58 0.3341 
杯 2 30.4 31.0 0.6 0.08 0.0061 
#3 29.0 30.2 1.2 0.68 0.4597 
# 4 24.5 24.3 -0.2 -0.72 0.5213 
# 5 38.9 38.7 -0.2 -0,72 0.5213 
# 6 29.5 29.7 0.2 -0.32 0.1037 
# 7 48.2 48.6 0.4 -0.12 0.0149 
# 8 29.3 30.2 0.9 0.38 0.1429 
#9 16.3 17.3 1.0 0.48 0.2285 
# 10 21.8 22.6 0.8 0.28 0.0773 
GS 1 20.2 20.4 0 2 -0.32 0.1037 
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Sample code Data A Data B D D-Mean D Square of (D-Mean D ) 
GS4 51.7 51.5 -0.2 -0.72 0.5213 
GS 6 44.8 44.9 0.1 -0.42 0.1781 
GS7 27.0 29.7 2.7 2.18 4.7437 
GS 8 17.2 18.3 1.1 0.58 0.3341 
GS 9 20.0 21.4 1.4 0.88 0.7709 
GS 10 12.9 13.6 0.7 0.18 0.0317 
GS 11 20,1 21.5 1,4 0.88 0.7709 
GS 12 7.2 8.0 0.8 0.28 0.0773 
T 1 6.5 7.2 0.7 0.18 0.0317 
T 2 26.0 25.8 -0.2 -0.72 0.5213 
T3 35.8 35.9 0.1 -0,42 0.1781 
T 4 29.8 30.3 - 0.5 -0.02 0.0005 
T 5 31.3 31.2 -0.1 -0.62 0.3869 
T 6 23.5 23.6 '0,1 -0.42 0.1781 
T 7 10.0 10.3 0.3 -0.22 0.0493 
T 8 33.3 34.5 1.2 0.68 0.4597 
T 9 38.3 38.2 -0.1 -0.62 0.3869 
T 10 23.2 23.5 0.3 -0,22 0.0493 
T i l 21.9 22.1 0.2 -0.32 ' 0.1037 
T 12 19.9 20.5 0.6 0.08 0.0061 
T 13 14.6 15.2 0.6 0.08 0.0061 
T 14 12.9 13.7 0.8 0.28 0.0773 
T 15 10.8 11.4 0.6 0.08 0.0061 
T 16 29.4 30.8 1.4 0.88 0,7709 
T 17 27.6 28.0 0.4 -0,12 0.0149 
T 18 24.1 25.2 1.1 0.58 0.3341 
T 19 16.3 17.5 1.2 0.68 0.4597 
T20 19.0 18.9 -0.1 -0,62 0.3869 
T21 8.5 9.1 0,6 0.08 0.0061 
T22 48.5 49.0 0,5 -0.02 0.0005 
T23 31.8 30.7 -1.1 -1.62 2.6309 
T24 13.2 12.8 -0.4 -0.92 0.8501 
T25 24.1 25.3 1.2 0.68 0.4597 
T26 32.5 32.4 -0.1 -0.62 0,3869 
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Sample code Data A Data B D D-Mean D Square of (D-Mean D ) 
T27 23.1 23.1 0.0 -0.52 0.2725 
T28 19.1 20.1 1,0 0.48 0.2285 
T 29 28.3 28.6 0.3 -0.22 0.0493 
T30 29.4 29.3 -0.1 -0.62 0.3869 
T 31 23.5 24.1 0.6 0.08 0.0061 
Mean 0.522 
Sum 丨 丨 丨 1%258 
Sd 二 � 19 .6258/ (50-1)� 1 / 2 
= 0 . 6 3 2 9 
t 二 � 0.522 x ( 5 0 ) 1 / 2 � / 0.6329 
= 5 . 8 3 2 0 
According to Gary D. Christian(3 乃，the t value was 1.960 for infinity 
degrees of freedom and 95 % confidence level. 5.8320 was much � 
greater than 1.960，it indicated a significant difference between the two 
methods. 
The method of standard addition was good enough to reduce the matrix 
effects, however it was tbme-consumiiig. It was too demanding when a 
large number of samples was required in the experiment. 
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5. Interferences between the major components in gallstones when two 
standard chemicals are considered each time (mixture of two standards) 
5.1 Introduction 
Since there were significant differences between the methods of calibration 
curve and standard addition, there should be significant interferences for the 
major components in the sample when the representative peaks were used. 
For simplicity, the interferences between the major peaks of the major 
components were analysed. 
tr 
The relative absorbance of groups in a compound should be the same in a 
series of concentration (Beer's Law is obeyed) when there is insignificant 
interferences on the groups. 
Let A is the absorbance of a group and sum(A) is the sum of the absorbance of 
the groups concerned. 
N 二 A / sum(A) 
N is the relative absorbance and is called the normalization factor. 
When the representative peaks are selected, N should not vary too much. This 
proposal is to provide information about the peaks for quantitation . 
The major components in human gallstones found are cholesterol, calcium 
palmitate, calcium bilirubinate and calcium carbonate. Interferences between 
them may affect the quantitation. 
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The effect of quantitation was analysed by changing the concentration of two 
standards in KBr powder each time. The absorbance was measured. The 
normalization factor of the standard concerned in the mixed standard was 
compared with the standard by the following cases. 
Case 1: 
The reference normalization factor should be the mean of two, which are 
responsible for the absorbance, just fit the absorbance of the test sample. 
Quantitation was calculated by the data from the two peaks selected. If the 
concentration was correlated with the absorbance of the ‘ two peaks, the 
concentration should be related to the absorbance as follows. 
Concentration = a x AL + b x A 2 ' ' 
where a, b = constants solved by simultaneous equations (%) � 
A b A2= absorbance at different wavenumbers (absorbance unit) 
The concentration for calculation should just fit the corresponding absorbance 
of the test sample. 
Case 2: 
The reference normalization factor should be the mean of all values obtained 
in the working range. Quantitation was calculated by data from the two peaks 
selected as in case 1 with the concentration for calculation at the lowest and 
highest values in the working range. 
Case 3: 
Quantitation was calculated by the method of calibration curve. The data were 
obtained from the information of a single peak with the smaller % error of 
normalization factor found in case 2. 
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5.2 Procedures 
5.2.1 Interferences of cholesterol by calcium palmitate. calcium bilirubinate 
and calcium carbonate 
(1) A series of concentrations of cholesterol standard was obtained by 
grinding a suitable weight of cholesterol and potassium bromide to a total 
weight of about 1 g, then about 0.08 g of the mixture was transferred to a 
die and pressed under 20，000 psi for 3 min. The absorbance of not more 
than three major peaks (to simply the quantitaion by the solving of 
i* 
simultaneous equations) were obtained and the corrected absorbance were 
rr 
calculated by multiplying 0.0800 and 0.3450 (standardize the weighed 
absorbance) and dividing the weight of the disc and the thickness of the 
disc. 
(2) The normalization factors of the series of concentrations were calculated. 
The mean and relative standard deviations of the normalization factors 
were obtained. 
(3) Different concentrations of calcium palmitate (within the working range of 
calcium palmitate) were added into a series of concentrations of 
cholesterol. 
(4) The absorbance of cholesterol was obtained and the quantitation was 
carried out as in cases 1-3. 
(5) Steps 1-4 were repeated for calcium bilirubinate and calcium carbonate. 
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5.2.2 Tnterferences of calcium palmitate by cholesterol, calcium bilirubinate 
and calcium carbonate 
(1) A series of concentrations of calcium palmitate standard was obtained by 
grinding a suitable weight of calcium palmitate and potassium bromide to 
a total weight of about 1 g, then about 0.08 g of the mixture was 
transferred to a die and pressed under 20,000 psi for 3 min. The 
absorbance of not more than three major peaks (to simply the quantitaion 
to the solving of simultaneous equations) were obtained and the corrected 
absorbance were calculated by multiplying 0.0800 and 0.3450 (standardize 
the weighed absorbance) and dividing the absorbance obtained and the 
thickness of the disc. 
(2) The normalization factors of the series of concentrations were calculated. 
The mean and relative standard deviations of the normalization factors 
were obtained. 
(3) Different concentrations of cholesterol (within the working range of 
cholesterol) were added into a series of concentrations of calcium 
palmitate. -
(4) The absorbance of calcium palmitate was obtained and the quantitation 
was carried out as in cases 1-3. 
(5) Steps 1-4 were repeated for calcium bilirubinate and calcium carbonate. 
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5.2.3 Interferences of calcium bilinnhinate by cholesterol, calcium palmitate 
and calcium carbonate 
(1) A series of concentrations of calcium bilirubinate standard was obtained 
by grinding a suitable weight of calcium bilirubinate and potassium 
bromide to a total weight of about 1 g, then about 0.08 g of the mixture 
was transferred to a die and pressed under 20,000 psi for 3 min. The 
absorbance of not more than three major peaks (to simply the quantitaion 
to the solving of simultaneous equations) were obtained and the corrected 
absorbance were calculated by multiplying 0.0800 and 0.3450 (standardize 
the weighed absorbance) and dividing the absorbance obtained and the 
thickness of the disc. 
(2) The normalization factors of the series of concentration were calculated. 
The mean and relative standard deviations of the nonnalization factors � 
were obtained. 
(3) Different concentrations of cholesterol (within the working range of 
cholesterol) were added into a series of concentrations of calcium 
palmitate. 
(4) The absorbance of calcium bilirubinate was obtained and the quantitation 
was carried out as in cases 1-3. 
(5) Steps 1-4 were repeated for calcium palmitate and calcium carbonate. 
45 
5.2.4 Interferences of calcium carbonate by cholesterol, calcium palmitate and 
calcium bilirubinate 
(1) A series of concentrations of calcium carbonate standard was obtained by 
grinding a suitable weight of calcium carbonate and potassium bromide to 
a total weight of about 1 g, then about 0.08 g of the mixture was 
transferred to a die and pressed under 20,000 psi for 3 min. The 
absorbance of not more than three major peaks (to simply the quantitaion 
to the solving of simultaneous equations) were obtained and the corrected 
absorbance were calculated by multiplying 0.0800 and 0.3450 (standardize 
the weighed absorbance) and dividing the absorbance obtained and the 
thickness of the disc. 
4 4 
(2) The normalization factors of the series of concentration were calculated. 
The mean and relative standard deviations of the normalization factors � 
were obtained. 
(3) Different concentrations of cholesterol (within the working range of 
cholesterol) were added into a series of concentrations of calcium 
carbonate. 
(4) The absorbance of calcium carbonate was obtained and the quantitation 
was carried out as in cases 1-3. 
(5) Steps 1-4 were repeated for calcium palmitate and calcium bilirubinate. 
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5.3 Results 
5.3.1 loterfercaccs of cholesterol hv ralcium palmitate. calcium 
bilirubinate and calci^ n^  carhnnate 
The following results were the typical data. 
The usual working range of concentration lied between 0.2 % and 0.8 % with 
reference to the journal(38) and, also the disc would be very delicate when the 
concentration exceeds 0.8 % (difficult to handle). 
i* 
Standard of cholesterol: 
There were three major peaks in cholesterol standard-3420 craf1，2875 cm-1 
and 1061 cm"1. 
Let A3420’ A2875 and A1061 were the corrected absorbance at 3420 cm"1, � 
2875 cm"1 and 1061 cm"1, respectively. Their values were shown in table 7. 
Table 7. 
Typical absorbance for cholesterol standard 
Concentration ~ ~ A ^ ^ ； ~ ~ A ^ ； " " " T m d ‘ 
_ _ ( % ， w / w ) absorbance 
0.20 0^158^ 0.0093 0,0217 0.0468 
0-24 00257^ 0.0117 0 . 0 2 8 ~ 0 . 0 6 5 5 _ 
0.62 0.0662 0.0331 0.0828 0 1821 — 
073 0.040Q~ Q.1Q45~~ _ 0 2 2 5 8 _ 
0.75 0.0885 0.0446 0.1078 0.2409 
0.80 0.0976 ~ a 0 4 5 5 ~~01"143""“ 0.2574 
1.05 —0.1293 0.0606 0.1528 0:3427 
r 0.9962 0.9980 0.9994 -
Let N3420, N2875 andN1061 were the normalization factors of the peaks at 3420 
cm1, 2875 cm']and 1061 crn1, respectively. 
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When the three major peaks were taken into consideration, their values were 
as in table 8. 
Table 8. 
Normalization factors for the peaks at 3420 cuT1，2875 cm^and 1061 cm"1. 
Concentration N^o N2875 N1061 
(%, w/w) 
0.20 0.3376— 0,1987 0.4639 
0.24 0.3924~ 0.1786 0.4290 
0.62 0.363^" 0.1818 0.4547 
0.73 0.3601" 0.1771 0.4628 ,. 
0.75 0.3674~ 0.1851 0.4475 
0.80 0.3792 0.1768 " 0.4441 
1.05 0.3773一 0.1768 0.4459 
Mean 0.3682 0,1821 '0.4497 
SD 0.0174"" 0.0079 0.0121 
RSD (%) 4.72 4.36 2 .69~ -
Note: 
1. RSD = (SD/Mean) x 100 % -
2. Examples of the calculation of the normalization factor using 0.20 % cholesterol 
when three peaks were used in quantitation: 
N3420= 0.0158 / 0.0468 = 0.3376 
N2873 = 0.0093 / 0.0468 = 0.1987 
N1061 = 0.0217 / 0.0468 = 0.4639 
The normalization factor for the peak at 2875 cm'1 was the smallest one and it 
was likely affected by the peak of calcium palmitate at 2920 cm-1, thus that 
peak was not taken into quantitative analysis. When that peak was not 
considered in calculation, the total absorbance values were calculated as in 
table 9 and the normalization factors were shown in table 10. 
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Table 9. 
Calculation of the total absorbance when the two peaks were used in 
quantitaion 
Concentration A ^ A ^ Tot^ 
(%，w/w) absorbance 
0.20 0.0158 — 0.0217 0.0375 “ 
0.24 0.0257 0.0281 0.0538 
0.62 0.0662 — 0.0828 0.149 一 
“ 0.73 0.0813 0.1045 0,1858 
0-75 0.0885 0.1078 0,1963 
0.80 0.0976 0.1143 0 2 1 1 9 _ _ 
1.05 0.1293 0.1528 0.2821 “ 
Table 10. 
The normalization factors of the peaks at 3420 cm"1 and 1061 cm"1 
4 « 
Concentration N3420 N1061 
(%，w/w) � 
0.20 0.4213 0.5787 
一 0.24 — 0.4777 0.5223 
0.62 一 0.4443 — 0 . 5 5 5 7 “ 
一 0.73 “ 0.4376 0.5624 
“ 0.75 — 0.4508 0.5492 
“ 0.80 — 0.4606 0.5394 
~ 1.05 0.4583 "05417" 
Mean 0.4501 0,5499 
一 SD ~ 0.0181 0.0181 
“ R S D (%) 4.01 
Note: 
Examples of the calculation of the normalization factor using 0.20 % cholesterol 
when three peaks were used in quantitation: 
N3420= 0.0158 / 0.0375 = 0.4213 
N1061 = 0.0217/0.0375 = 0.5787 
The detailed data of part 1 were shown. Summary of data would be shown for 
parts 2-3. 
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Part 1: Interferences of cholesterol by calcium palmitate 
Cholesterol and calcium palmitate were mixed with potassium bromide (KBr) 
to produce a series of combinations (Test samples) with the most possible 
ratio (from the results of the method of calibration curve) between cholesterol 
(CHOL) and calcium palmitate (CaPAL). 
Data obtained: 
Test sample % CHQL (w/w) % CaPAT. — CHOL/CaPAL 
1219-4 0.22 0.81 0 27 
1219-3 0.50 0.59 0 85 
1219-1 0.58 0.42 1 38-
1219-2 0.70 0.23 3.04 
tr 
Test sample A迎 A厕 Sum(A) N迎 N驢 
1219-4 0.0201 0.0245 0.0446 0.4507 0.5493 
1219-3 0.0420 0.0572 0.0992 0.4234 0.5766 
1219-1 0.0667 0.0818 0.1485 0.4492 0 5508 
1219-2 0.0784 0.0931 0.1715 0.4571 0.5429 
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Test sample 1219-4: 
Case 1 
Wavenumher — - 1) 
3420 1061 
Absorbance: 0.0201 0.0245 
N: 0.4507 0.5493 
Ref. N: 0.4495 0.5505 
(0.20-0.24 %) 
% error: 0.26 0.21 
By solving the equations relating 0.20 % and 0.24 % cholesterol with the 
absorbance at the peaks 3420 cm"1 and 1061 cm"1, the concentration of 
cholesterol in the test sample 1219-4 would be found. 
0.20 = 0.0158 a + 0.0217 b (1) ‘ 
0.24 = 0.0257 a + 0.0281 b (2) 
By solving equations (1) and (2)，a = -3.62325, b = 11.85472. 
Concentration of cholesterol in 1219-4 = -3.62325 x 0.0201 + 11.85472 x 
0.0245 




Absorbance: 0.0201 0.0245 
N: 0.4507 0.5493 
Ref. N: 0.4501 0.5499 
(0.20-1.05 %) 
% error: 0.13 0.10 
By solving the equations relating 0.20 % and 1.05 % cholesterol with the 
absorbance at the peaks 3420 cm"1 and 1061 cm"1, the concentration of 
cholesterol in 1219-4 would be found. 
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0.20 = 0.0158 a + 0.0217 b (1) 
1.05 = 0.1293 a + 0.1528 b (2) 
By solving equations (1) and (2), a = -19.85596, b = 23.67392 . 
Concentration of cholesterol in 1219-4 = -19.85596 x 0.0201 + 23.67392 x 
0.0245 
= 0 . 1 8 % (w/w) 
Case 3 
»* 
The % error of the normalization was smaller for the peak at 1061 cm"1 as in 
case 2. Thus the data for the peak at 1061 cm"1 were used in the method of the 
calibration method. 
Calibration data: � 








r = 0.9994 
Absorbance of the test sample 1219-4 at 1061 cm"1 = 0.0245 
By the Linear Regression, concentration of cholesterol: 0.22 % (w/w) 
Summary of the results for the test sample 1219-4: 
Concentration of cholesterol in the test sample 1219-4 = 0.22 % (w/w) 
Case Concentration found (%, w/w) % to the expected value 
1 0.22 100.00 
2 0.18 81.82 
3 0.22 100.00 
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Similarly, the results of the other test samples were obtained. 
Summary of Part 1: 
The results of the test samples for cholesterol were summarized in table 11. 
Table 11. 
Summary of the results of the test samples in Part 1 
% to the expected value in 
Test sample Case 1 Case 2 Case 3 
(using 1061 cm'1) 
1219-4 100.00 ~H.82 100.00 
1219-3 104.00 "TO4.QQ 86^00 
1219-1 "lQO.OO 105717" •‘ 101.72 
1219-2 “ 112.86 92.86 9429 ~ 
Mean 104.22 95.96 95.50 
SD 6.0640 "TO.9395 7.0864 
RSD (%) 5.82 l l l 0 ~ 7.42 
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Part 2: Interferences between cholesterol atiH calcium bilimhin^tp 
Cholesterol and calcium bilirubinate were mixed with KBr to produce a series 
of combinations (Test samples) with the most possible ratio (from the results 
of the method of calibration curve) between cholesterol (CHOL) and calcium 
bilirubinate (CaBIL). 
Data obtained: 
Test sample % CHQJ, (w/w) % CaRU. rWw� CHOL/CaRTT, 
0103-4 0.20 0.79 0 25 
0103-2 0.49 0.47 1 04 . 
0103-1 0.67 0.30 2.23 
0103-3 0.84 ‘ 0.27 3.11 
Test sample A迎 A 皿 “ S u m ( A ) N迎 N腿 
0103-4 0.0330 0.0218 0.0548 0.6022 0 3978 
0103-2 0.1197 0.0668 0.1865 0.6418 0.3582 
0103-1 0.1039 0.0979 0.2018 0.5149 0.4851 � 
0103-3 0.1076 0.1188 0.2264 0.4753 0.5247 
Calculations were similar to Part 1 and the summary was obtained. 
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Summary of Part 2: 
The results of the test samples for cholesterol were summarized in table 11. 
Table 11. 
Summaiy of the results of the test samples in Part 2 
% to the expected value in 
Test sample Case 1 Case 2 Case 3 
(using 1061 cm'1) 
0103-4 69.43 Rej. 101.33 
一 0103-2 ""410.62 Rej. , 99.70 
“0103-1 ~58.96 38.01 103.71 
“0103-3 一 111.13 80.47 98.82 
Mean ‘ 162.54 ~ 9 . 2 4 <t 100.89 ' 
~ SD 166.9181 30.0238" 2.1484 
RSD (%) 102.70 50.68 2.13 � 
where Rej. = rejected; was due to negative values 
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Part 3: Interferences between chnlesterol anH calcium carbonate 
Cholesterol and calcium carbonate were mixed with KBr to produce a series 
of combinations (Test samples) with the most possible ratio (from the results 
of the method of calibration curve) between cholesterol (CHOL) and calcium 
carbonate (CaC03). 
Data obtained: 
Test sample % CHOL (w/w) % CaCO: CHOL / CaCO: 
0104-1 0.28 0.80 035 
0104-2 0.42 0.62 0.68 
0104-3 0.58 0.39 1 49 
0104-5 0.77 . 0.22 3.50 
Test sample A ^ A腿 ‘’Sum(A) N迎 N舰 
0104-1 0.0249 0.0332 0.0581 0.4286 0.5714 
0104-2 0.0399 0.0587 0.0986 0.4047 0.5953 � 
0104-3 0.0436 0.0772 0.1208 0.3609 0.6391 
0104-5 0.0900 0.1088 0.1988 0.4527 0.5473 
Calculations were similar to Part 1 and the summary was obtained. 
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Summary of Part 3: 
The results of the test samples for cholesterol were summarized in table 13. 
Table 13. 
Summary of the results of the test samples in Part 3 
% to the expected value in 
Test sample Case 1 Case 2 Case 3 
(using 1061 cm'1) -
0104-1 103.00 104.13 98.71 
0104-2 “ 89.33 142.24 105^08 
0104-3 “ 71.07 ~431.34 9672 
0104-5 一 98.42 ~422.26 9940 
Mean 90.46 274.99 ^ 9 9 . 9 8 
SD “ 14.1141 "176.0222 3.5848 
RSD (%) 15,60 6A~0T~ T59 � 
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Summary of 5.3.1-Tnterferenr^ of cholesterol hv calcium palmitate. 
calcium bilirubinate and calcium carhon^tf 
The quantitation of cholesterol using the two peaks (3420 cnr1 and 1061 cm.1) 
generated poor percentage to the expected values for different combinations of 
cholesterol and calcium palmitate/calcium bilirubinate/calcium carbonate (59-
275 %). 
On the other hand, the quantitation by a single peak at 1061 cm"1 by the 




5-3.2 Interferences of calcium palmitate hv cholesterol, calciuni 
bilirubinate and calcium carhrm价 
The following results were the typical data. 
The usual working range of concentration lied between 0.2 % and 0.8 % for 
calcium palmitate . 
Standard of calcium, palmitate: 
There were five major peaks in calcium palmitate standard-2920 cm.1， 
2853 cm'1, 1574 cm'1, 1550 cm^and 1476 cm*1. The peak at 2875 cm"1 was 
strong, it would interfer significantly with the peak at 2853 cm'1 and 2920 cm'1 
of calcium palmitate. The peak at 1476 cm'1 likely overlapped with the peak at 
1451 cm"1 of calcium bilirubinate. 
Thus the peaks at 1574 cm"1 and 1550 cm"1 were considered in quantitation. 
Let A1574and A1550 were the corrected absorbance at 1574 cm'1 and 1550 cnT1 
respectively. Their values were shown, in table 14. 
Table 14. 
Typical absorbance for calcium palmitate standard 
Concentration A ^ T S 5 
(%，w/w) absorbance 
010 0.0231 0.0166 ~ 0.0397 
0.15 0.0273 _q0227 
0.20 0.0317 ~ _ _ 0 0 2 8 7 ] ^ 0.0604 
0-25 0-0353 0,0347 — Q.Q70Q 
0.30 0.0394 ~ 0.0405 0.0799 “ 
0.35 0.0432 0.0458 0.0890 
Q-41 0.0494 ~ 0,0516 — 0.1010 
°-5 2 0.0588 ~~ 0.0630 — 0.1218 
r 0.9993 0.9990 -
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Let Ni574 and Nl550 were the normalization factors of the peaks at 
1574 cm'1 and 1550 cm'1 respectively. 
When the two major peaks were taken into consideration, their values were as 
in table 15. 
Table 15. 
Normalization factors for the peaks at 1574 cm^and 1550 cm.1 
Concentration N1374 N1330 
(%，w/w) 
0.10 0.5819" 0,4181 
0.15 0.5460 0.4540 
0.20 0.5248 0.4752 , 
0.25 0.5043 0.4957 
0.30 — 0.4931 一 0 . 5 0 6 9 � 
0-35 0.4854 “ 0.5146 
0.41 一 0.4891 “ 0,5109 
0.52 0.4828 0.5172 -
Mean ~a5134 0.4866 
SD 0.0352 0.0352 
RSD (%) 6.86 7.24 
Note: 
Examples of the calculation of the normalization factor using 0.10 % calcium 
palmitate when two peaks were used in quantitation: 
N1374 = 0.0231 / 0.0397 = 0.5819 
N1330 = 0.0166 / 0.0397 = 0.4181 
The data analysis was similar to Part A, it was also divided into 3 parts-parts 1， 
2 and 3. 
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Part 1: Interferences of calcium palmitate hy r h n ^ t ^ ] 
Calcium palmitate and cholesterol were mixed with KBr to produce a series of 
combinations (Test samples) with the most possible ratio (from the results of 
the method of calibration curve) between calcium palmitate (CaPAL) and 
cholesterol (CHOL). 
Data obtained: 
Test ssample % CaPAL (w/w) % CHOT, rw/w^ CaPAT. / rFTOTr 
1210-1 0.22 0.81 0.27 -
1210-2 0.30 - 0.59 0 51 
1210-3 0.38 0.42 0 90 
1210-4 0.48 0.23 2.09 
Test sample Al574 Al550 Sum(A)： N ^ N ^ , 
1210-1 0.0328 0.0305 0.0633 0.5182 0.4818 
1210-2 0.0384 0.0392 0.0776 0.4948 0.5052 
1210-3 0.0459 0.0523 0.0982 0.4674 0.5326 
1210-4 0.0551 0.0599 0.1150 0.4791 0.5209 
Part Interferencgs of calr^im palmitate bv calcium hi lmihin^ 
Calcium palmitate and calcium bilirubinate cholesterol were mixed with KBr 
to produce a series of combinations (Test samples) with the most possible 
ratio (from the results of the method of calibration curve) between calcium 
palmitate (CaPAL) and calcium bilirubinate (CaBIL). 
Data obtained: 
Test sample % CaPAL (w/w) % CaRn. ( • � CaPAT"r,mT. 
0319-1 0.21 0.78 0 27 
0319-2 0.28 0 59 0 47 
0319-3 0.42 0.40 1 0 5 
0319-4 0.51 0.22 2.32 
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Test sample A丨574 Al330 Sum(A) N ^ N ^ 
0319-1 0.0325 0.0326 0.0651 0.4992 0.5008 
0319-2 0.0379 0.0393 0.0772 0.4909 0.5091 
0319-3 0.0488 0.0545 0.1033 0.4724 0.5276 
0319-4 0.0573 0.0638 0.1211 0.4732 0.5268 
Part 3: Interferences of calcium palmitate by calcium carbonate 
Calcium palmitate and calcium carbonate cholesterol were mixed with KBr to 
produce a series of combinations (Test samples) with the most possible ratio 
(from the results of the method of calibration curve)" between calcium 
palmitate (CaPAL) and calcium carbonate (CaC03). 
Data obtained: ‘. 
Test sample % CaPAL rw/w^ % CaCO^w/w� CaPAL / CaCP3 
0320-1 0.22 0.76 0.29 � 
0320-2 0.31 0.59 0.53 
0320-3 0.38 0.43 0.88 
Test sample A1574 A1350 Sum(A) N ^ N ^ 
0320-1 0.0328 0.0338 0.0666 0.4925 0.5075 
0320-2 0.0402 0.0427 0.0829 0.4849 0.5151 
0320-3 0.0458 0.0499 0.0957 0.4786 0.5214 
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The data analysis of the interferences of calcium palmitate by 
cholesterol/calcium bilirubinate/calcium carbonate was similar to that of the 
interferences of cholesterol by calcium palmitate/calcium bilirubinate/calcium 
carbonate (5.3.1). The percentage difference between the normalization factor 
of the sample and the mean of normalization factors of the standard was the 
lowest when the peak at 1574 cm"1 was used. Thus the method of calibration 
curve used the data of the peak at 1574 cm"1 (case 3). 
The % expected values obtained were summarized in tables 16-18. 
Table 16. 
Summary of the results of the test samples in Part 1 
% to the expected value in 
Test sample Case 1 Case 2 Case 3 � 
(using 1574 cm'1) 
1210-1 97.29 104.85 99.11 
1210-2 “ 96.39 —104.91 94.67 -
1210-3 “ 161.01 一117.33 97.99 
Mean 一 118.23 ~ 109.03 97.26 
SD — 37.0513 “ 7.1881 2.3091 
RSD (%) 31.34 6.59 2.37 “ 
Table 17. 
Summary of the results of the test samples in Part 2 
f 
% to the expected value in 
Test sample Case 1 Case 2 Case 3 
(using 1574 cm'1) 
0319-1 “ 112.70 123.33 102.14 
0319-2 — 104.51 113.73 99.32 
0319-3 — 137.53 一109.50 96.79 
Mean “ 118.25 —115.52 99.42 
SD — 17.1946 —7.0866 2.6763 
‘ R S D (%) 14.54 6.13 2.69 
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Table 18. 
Summary of the results of the test samples in Part 3 
% to the expected value in 
Test sample Case 1 Case 2 Case 3 
(using 1574 cm'1) 
0320-1 112.64 —124.04 99.11 
0 3 2 0 - 2 1 0 5 . 4 6 "Tl3.15 98.45 
0320-3~~ 93.18 "T09.38 97.68 “ 
Mean 103.76 115.52 98.41 
9.8408 ~7.6127 0.7157 
RSD (%) 9^48 6 l 9 073 
1 1 1 i* 
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Summary of 5.3.2-Interferences of calcium palmitate by cholesterol, 
calcium bilirubinate and calcium carbonate 
The quantitation of calcium palmitate using 1574 cm"1 and 1550 cm"1 in the 
presence of cholesterol, calcium bilirubinate or calcium carbonate could 
deviate from the expected value by 10 % or more in cases 1 and 2. 
The quantitation was better (98-99 % of the expected value) when the single 
peak at 1574 cm"1 was used in case 3. 
/r 
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5.3.3 Interferences of calcium biliruhinate by cholesterol, calcium 
palmitate and calcium carbonate 
The following results were the typical data. 
The usual working range of concentration lied between 0.2 % and 0.8 % for 
calcium bilirubinate. 
Standard of calcium bilirubinate: 
The major peaks of calcium bilirubinate were at 3424 cm"1, 1636 cm"1 and 
1451 cm'1. 
The conventional method used the peak at 1451 cm"1. However, the peaks at 
both 1636 cm"1 and 1451 cm"1 were likely masked by the strong peaks of 
calcium palmitate near-by. � 
Therefore the peak at 3424 cm'1 was chosen for quantitation. Thus only case 3 
was considered for calcium bilirubinate. The interferences between it and 
cholesterol, calcium bilirubinate and calcium carbonate were analyzed. 




Typical data for the calibration curve of calcium bilirubinate 
Concentration A ^ 
(%，w/w) 
0.20 0.0599 
0.23 0.0671 … -
0.30 0.0848 
0.40 0.1114 
“ 0.50 0.1431 
“ 0.61 0.1750 
“ 0.70 0.1969 
0.81 0.2270 
r 0.9996 产 
The data analysis was similar to Part 5.3.1 (but only case 3 was applicable), it 
was also divided into 3 parts-parts 1，2 and 3. 
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Part 1: Interferences of calcium bilinibinate by cholesterol 
Calcium bilirubinate and cholesterol were mixed with KBr to produce a series 
of combinations (Test samples) with the most possible ratio (from the results 
of the method of calibration curve) between calcium bilirubinate (CaBIL) and 
cholesterol (CHOL). 
Data obtained: 
Test sample % CaBIL d � % CHOT,(双hA CaBIL / CHOL 
0327-1 0.21 0.76 0.28 -
0327-2 0.42 0.63 0.67 
0327-3 0.58 - 0.42 1.38 
0327-4 0.79 0.21 3.76 





Part 2: Interferences of calcium bilirubinate by calcium palmitate 
Calcium bilirubinate and calcium palmitate were mixed with KBr to produce a 
series of combinations (Test samples) with the most possible ratio (from the 
results of the method of calibration curve) between calcium bilirubinate 
(CaBIL) and calcium palmitate (CaPAL). 
Data obtained: 
Test sample % CaBIL (w/w) % CaPAL (Ww) CaBIL / CaPAL 
0328-1 0.22 0.51 0.43 
0328-2 0.49 0.30 1.63 
0328-3 0.81 0.22 3.68 





Part 3: Interferences of calcium bilirubinate by calcium carbonate 
Calcium bilirubinate and calcium carbonate were mixed with KBr to produce 
a series of combinations (Test samples) with the most possible ratio (from the 
results of the method of calibration curve) between calcium bilirubinate 
(CaBIL) and calcium carbonate (CaC03). 
Data obtained: 
Test sample % CaBIL (w/w) % CaCQ3(w/w) CaBTL / CaCP2 
0329-1 0.18 0.83 0.22 ,. 
0329-2 0.42 0.58 0.72 
0329-3 0.57 -0.41 1.39 
0329-4 0.78 0.23 3.39 






Summaries of the results of parts 1-3 were shown in tables 20-22. 
Table 20. 
Summary of the results of the test samples in Part 1 
% to the expected value in 
Test sample Case 3 
0327-1 “ 109.95 
0327-2 ‘ 107.11 “ 
0327-3 — 103.02 
0327-4~~ 97.01 . 
Mean 104.27 
— SD 5.6154 
“ R S D (%) 5.39 
Table 21. 
Summary of the results of the test samples in Part 2 
% to the expected value in " 
Test sample Case 3 
0328-1 一 97.75 
0328-2 “ 97.90 
0328-3 97.86 ~ 
Mean 97.84 
SD — 0.0777 
“ R S D (%) “ 0.08 “ 
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Table 22. 
Summary of the results of the test samples in Part 3 
% to the expected value in 
Test sample Case 3 
0329-1 100.46 
0329-2 100.59 一 
0329-3 100.15 ~ 
0329-4 “ 100.24 — 
Mean 一 100.36 
“ SD “ 0.2012 “ 




Summary of 5.3,3-Interferences of calcium bilirubinate by cholesterol, 
calcium palmitate and calcium carhon价 
The quantitation of calcium bilirubinate in the presence of cholesterol, 
calcium palmitate or calcium carbonate, using the single peak at 3424 cm"1, 
gave good result in the percentage to the expected value (98-104%). 
tr 
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5.3 .4 Interferences of calcium carbonate by cholesterol, calcium 
bilirubinate and calcium carhnn^tf 
The following results were the typical data. 
The usual working range of concentration lied between 0.2 % and 0.8 % for 
calcium carbonate. 
Standard of calcium carbonate: 
The major peak of calcium carbonate at 874 cm"1 is not overlapped with the 
major peaks of the other major components. Therefore the peak at 874 cm"1 
was chosen for quantitation. Thus only case 3 was considered for calcium 
carbonate. The interferences betwe.en it and cholesterol, calcium bilirubinate 
and calcium palmitate were analysed. 
Let A874 was the corrected absorbance at 874 cm'1. The data were shown in 
table 23. . 
Table 23. 













The data analysis was similar to Part 5.3.1 (but only case 3 was applicable), it 
was also divided into 3 parts-parts 1，2 and 3. 
Part 1: Interferences of calcium carbonate by cholesterol 
Calcium carbonate and cholesterol were mixed with KBr to produce a series 
of combinations (Test samples) with the most possible ratio (from the results 




Test sample % C a C O J w / w � % CHOL CaCOJ CHOL 
0401-1 0.18 0.78 0.23 
0401-2 0.41 0.59 0.69 � 
0401-3 0.62 0.40 1.55 
0401-4 0.83 0.22 3.77 
Test sample A迎 
0401-1 0.0445 




Part 2； Interferences of calcium carbonatp bv calcium palmit^p 
Calcium carbonate and calcium palmitate were mixed with KBr to produce a 
series of combinations (Test samples) with the most possible ratio (from the 
results of the method of calibration curve) between calcium carbonate (CaC03) 
and calcium palmitate (CaPAL). 
Data obtained: 
Test sample % CaC03(w/w) % CaPAT, ( • � CaCCy CaPAL 
0402-1 0.22 0.81 0 27 
0402-2 0.39 0.60 0 65 
0402-3 0.59 0.38 1 55 
0402-4 0.83 0.19 4.37 
Test sample A ^ 
0402-1 0.0518 .. 
0402-2 0.0851 
0402-3 0.1248 
0402-4 0.1726 � 
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Part 3; Interferences of caldum carbonate bv calcium 
Calcium carbonate and calcium bilirubinate were mixed with KBr to produce 
a series of combinations (Test samples) with the most possible ratio (from the 
results of the method of calibration curve) between calcium carbonate (CaC03) 
and calcium bilirubinate (CaBIL). 
Data obtained: 
Test sample % CaC0 3 ( a^ ) % CaRn. rw/w) CaCO,/r^Rn, 
0403-1 0.22 0.80 0 28 , 
0403-2 0.41 0.58 0 71 
0403-3 0.61 . 0.42 1 45 
0403-4 0.83 0.21 3.95 






Summaries of the results of parts 1-3 were shown in tables 24-26. 
Table 24. 
Summary of the results of the test samples in Part 1 
% to the expected value in 
Sample Case 3 
0401-1 99.37 
0401-2 — 97.93 




SD — 0.8114 " 
RSD (%) 0.82 
Table 25. 
Summary of the results of the test samples in Part 2 
% to the expected value in 







“ R S D (%) 0.43 
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Table 26. 
Summary of the results of the test samples in Part 3 
% to the expected value in 
Sample Case 3 
0403-1 “ 102.34 
0 4 0 3 - 2 1 0 3 . 2 8 — 
0403-3~~ 101.04 一 
° 4 0 3 " 4 ~ 98.97 一 
Mean 101.41 
1.8666 — 
RSD (%) 1.84 — .‘ 
ff 
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Summary of 5,3.4-Interferences of calrinm carbonate hv chnlesfprol, 
calcium palmitate and calcium hnirnhina^ 
The quantitation of calcium carbonate in the presence of cholesterol, calcium 
palmitate or calcium bilirubinate, using the single peak at 874 cm"1, gave good 




Quantitation of the major components was not-improved by using the data 
obtained by two major peaks. 
There were significant interferences for cholesterol, calcium palmitate and 
calcium bilirubinate in the presence of the four major components when the 
currently used representative peaks were taken into consideration. 
The interferences would be reduced when another major peak was used as 
shown in parts 5.3. 
The mean of the 'percentage expected value' of four test samples showed 
that the interferences would be reduced when the major peaks shown in 
table 27 were used in the method of calibration curve. 
Table 27. 
Major peaks used in the method of calibration curve 
Component Major peak (cm'1) 
Cholesterol 1061 
Calcium palmitate 1574 
Calcium bilirubinate 3424 
Calcium carbonate 874 
It was noted that there was a trend in the interferences of calcium 
bilirubinate in the presence of cholesterol as shown in page 78. The 
percentage to the expected value in the four test samples was increasing 
with the amount of cholesterol. A graph was plotted in Fig. 12. It was 
shown that the percentage expected could reach about 100 % when the ratio 
between calcium bilirubinate and cholesterol was greater than 2.75. 
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However the ratio would be smaller than 2.75 especially in Hong Kong's 
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Fig. 12 A graph of percentage expected value for CaBIL against CaBIL/CHOL 
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6 Interferences between the major components when four standard 
chemicals were considered each time (mixture of four standards) 
6.1 Introduction 
There were numerous chemicals in the real samples. When the major 
compounds occupied a very high proportion in the sample, the interferences to 
a chemical could be analyzed by considering the effects among the major 
chemicals. 
For comparison with the current method, the cuiTent representative peaks of 
the major components were used. 
‘ . 
Thus the representative peaks used for quantitation for cholesterol, calcium 
palmitate, calcium bilirubinate and calcium carbonate are 3422 cm"1, 
2920 cnr1，1451 cm'1 and 874 cm"1. 
i 
6.2 Experimental 
(1) A known amount of each of the four pure chemicals was mixed with 
potassium bromide to produce a disc with the known concentrations of 
the chemicals. 
(2) Step (1) was repeated for different combinations of the chemicals to 
produce a total of four discs. 
(3) Calibration curves were obtained as in section 2.1. The slope of each 
graph was calculated to obtain the absorptivity constant. 
(4) The absorbance of the representative peak of each component was 
obtained and it was related to the concentration of the other components 
by the following formula that was based on Beer's Law (four-component 
system). 
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At = k ^ ^ ! + k2a2C2 + k3a3c3 + k4a4c4 
Where Ai = absorbance at the wavelength of the representative peak 
for component 1 (absorbance unit) 
a b %，a3 and a4 = absorptivity of components 1，2, 3 and 4 
respectively (absorbance unit/%) 
c b c2, c3 and c4 = concentration of components 1，2，3 and 4 
respectively (%) 
k b k2, k3 and 1¾ = constants involved in the equation 
Similarly, the absorbance for the other components were related by the 
following equations. 
For component 2: 
A2 = k / a ^ ! + k2，a2C2 + k3 'a3c3 + k4，a4c4 
For component 3: 
A3 = ki a^c! + k � C 2 + 1^3 &3�3 + 1^4 3.4C4 觯 
For component 4: 
A4 = k / ' a ^ i + k2'\c2 + k3 … 响 + k4”'a4c4 
(5) By mixing a combination of known concentrations of pure standard 
compounds, the constants k{ to h，k^ to kt，，etc, would be found. 
(6) In sample analysis, four equations related to absorbance of the mixture at 
a selected wavelength, constants and unknown concentration of the four 
components would be formed. 
(7) By solving the four equations, the four unknown concentrations (cL to c4) 
would be found. 
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6.3 Results 
From the calibration curves of the four standard compounds as shown on page 
26，the absorptivity (slope of the graph) were 0.2907, 1.0680, 0.2207 and 
0.2176 absorbance unit/% for cholesterol, calcium palmitate, calcium 
bilirubinate and calcium carbonate, respectively. The data for cholesterol were 
shown in table 28. 
Table 28. Data for cholesterol 
% CHOL % CaPAL % CaBIL % CaCO,~~ 
0.0560 0.25 0.81 Q..18 — 0.23 
0.1141 — 0.43 0.64 0.21 “ 0.20 — 
0.1752 — 0.65 - 0.39 0.22 “ 0.59 — 
0.2275 0.82 0.21 0.20 0.60 ~ 
Note: The spectrum of the last combination was shown in appendix 3. 
By the above data, four equations were obtained. 
0.0560 = ki x 0.2907 x 0.25 + k2 x 1.0680 x 0.81 + 
k3 x 0.2207 x 0.18 + 沁 x 0.2176 x 0.23 (eq. 1) 
0.1141 = k! x 0.2907 x 0.43 + k2 x 1.0680 x 0.64 + 
k3 x 0.2207 x 0.21 + � x 0.2176 x 0.20 (eq. 2) 
0.1752 = kL x 0.2907 x 0.62 + k2 x 1.0680 x 0.39 + 
k3 x 0.2207 x 0.22 + x 0.2176 x 0.20 (eq. 3) 
0.2275 = 1^x0.2907x0.82 + 1^x1.0680x0.21 + 
k3 x 0.2207 x0.20 + 0.2176 x0.60 (eq. 4) 
By solving eq. 1 to eq. 4，kx = 0.9950, k2 = -0.0221, k3 = 0.2023 and 
1^ = -0.1047. 
The data for calcium palmitate were shown in table 29. 
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Table 29. Data for calcium palmitate 
A292o % CHOL % C a P A L ~ ~ ~ % C a B E L % C a C 0 3 ^ 
0.2190 0^8 022 0J2 03\ 
0.4321 0^5 041 0^60 0^5 
0.6560 042 0~51 042 0^63 
0.8490 0 83 0 7 9 02\ 0^0 
Similarly, the unknowns were obtained; Iq，= -0.7019, k2' = 1.5420, 
k3 ' = 0.4552 a n d = -1.7449. 
i* 
The data for calcium bilirubinate were shown in table 30. 
4 
Table 30. Data for calcium bilirubinate 
A ^ % CHOL % CaPAL % C a B I L % CaC03 
0.0511 020 0 8 1 025 0 8 1 
0.0953 030 059 042 063 
0.1416 042 020 058 045 
0.1813 066 032 082 023 
Similarly, the unknowns were obtained; V，= -0.2567, k2，，= -0.0356, 
k3，，= 1.3020 and V，= 0.1418. 
Data for calcium carbonate were shown in table 31. 
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Table 31. Data for calcium carbonate 
A874 % CHOL % CaPAL % C a B I L % CaC03 
0.0380 051 0 ^ 0 0^2 0 ^ 1 
0.0924 0 J 8 0 4 5 060 0 4 6 
0.1490 042 0 6 3 039 0 6 9 
0.1860 023 0 7 8 020 0 8 4 
Similarly, the unknowns were obtained; V ” = -1.8945，k2，，’ = -0.5622, 
k3，” = 2.3495 and V " = 3.7056. 
i« 
tf 
For example, the diluted sample GS 7 (dilution factor = 100) should contain 
0 .27% CHOL, 0 .09% CaPAL, 0.13 % CaBIL and 0.07 % CaC03 >by the 
method of calibration curve, in the KBr disc. 
Using the constants obtained, the calculated concentrations of the analytes 
were obtained by solving the following simultaneous, equations (The spectrum 
of GS 7 was shown in appendix 4). 
0.0735 = 0.9950 x 0.2907 Cl - 0.0221 x 1.0680 c2 + 
0.2023 x 0.2207 (¾ - 0.1047 x 0.2176 c4 
0.0907 = -0.7019 x 0.2907 c, + 1.5420 x 1.0680 c^  + 
0.4552 x 0.2207 (¾ 一 1.7449 x 0.2176 c4 
0.0343 = -0.2567 x 0.2907 C l - 0.0356 x 1.0680 c2 + 
1.3020 x 0.2207 (¾ + 0.1418 x 0.2176 c4 
0.0123 = -1.8945 x 0.2907 C l - 0 . 5 6 2 2 x 1.0680 c2 + 
2.3495 x 0.2207 (¾ + 3.7056 x 0.2176 c4 
where 0.0735, 0.0907，0.0343 and 0.0123 were the absorbance for the peaks at 
3422cm.1，2920 cm"1, 1451 cm"1 and 875 cm'1 respectively. 
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Then, q = 0.247，c2 = 0.109，c3 = 0.182 and c4 = 0.147 
The concentrations of the analytes in the original sample were: 
Cholesterol = 100 x 0.247 % 
=24.7 % 
Calcium palmitate = 100x0.109 % 
=10.9 % 
Calcium bilirubinate = 100 x 0.182 % 
=18.2 % 
Calcium carbonate = 100 x 0.147 % 
=14.7 % 
/r 
Similarly, several samples were analysed by this method and the results were 
obtained. The results were shown in table 32. 
Table 32. 
Results of the analysis of gallstones by solving the simultaneous equations 
SampleI % % I % I I % % I % II % % I % I I ~ ~ % % % 
code CHOL Diffl Diff2 CaPAL Diffl Diff2 CaBIL Diffl Diff2 CaCQ3 Dififl Diff2 
GS 7 24.7 8.5 16.8 10.9 21.1 23.8 " 1 ^ 2 4 0 ^ L 6 14.7 110.0 6.5 
T 2 — 19.5~ 25.0 24.4 • 10.8 9.2 24.5 " ~ 3 ? 8 S 2 9 ^ 4 l 6 0 . 5 67.2 
# 3 2 5 . 2 1 3 . 1 16.6 SA 2 J 1 8 ^ 4 3 4 ^ 8 6 3 2 Z 0 T6 1 L 8 i T 
Note: 
1. The % D i f f l was the percentage difference from the value obtained by the 
method of calibration curve 
2. The % Diff 2 was the percentage difference from the value obtained by the 
method of standard addition. 
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6.4 Conclusion 
Solving simultaneous equations can give out the concentration of the analyte 
with the consideration of the interferences by other major components. That 
will give a more reliable result. However samples may contain other 
chemicals that will affect the analyte significantly. As the composition varies 
from sample to sample, the calculations will be valid only when the major 
components are known. 
i» 
The calculations were based on mathematical treatment. It did not consider the 
effect of the changes of the baseline and the symmetry of the peak in the 
» " 
presence of the other components. Therefore the equations can be elaborated 
with more constants relating to the baseline and the symmetry of the peak. 
From the constants found, it could be predicted that the analyte may be 
enhanced or suppressed by others. For an analyte, the negative constant would 
imply that it was enhanced by the related compound so that the negative 
constant gave a correction. The positive constant would imply that it was 
suppressed by the related compound so that the positive constant gave a 
correction. This is summarized in table 33. 
Table 33. Summary of the enhancement/suppression on the analyte 
Analyte Enhanced by Suppressed by 
CHOL CaPAL, CaC03 CaBIL 
~ C a P A L CHOL, CaC03 CaBIL 
CaBIL CHOL, CaPAL CaCO^ 
CaC03 CHOL, CaPAL CaBIL 
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7 Discussion 
FTIR was a useful method for the analysis of the major components in 
gallstones as it required simple sample preparation and several 
compounds could be analyzed in a single spectrum within a short time. 
There was significant differences between the method of calibration 
curve and standard addition in this experiment. 
Although the method of standard addition could reduce the matrix 
effects, it was time-consuming for such a large number of samples. 
Thus, it was suggested that the method of calibration curve should be 
used in routine analysis while the'method of standard addition was used 
for checking of any suspected data. 
The tests of interferences when two standard compounds were 
considered each time showed that the conventional representative peaks 
were not good enough for quantitation; another set of major peaks was 
selected. 
The tests of interferences (when four standard compounds were 
considered) were done by solving simultaneous equations related to the 
known concentration of an analyte and the concentration of the other 
compounds found by the method of calibration curve. The use of the 
simultaneous equations to solve the interferences would be better when 
the components of interest were really the major components, when 
compared with the method of calibration curve. 
There were great differences among the methods as shown in table 32. 
That implied that the simple mathematical treatment (based on Beer's 
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Law) was not adequate. The effects due to the matrix should be counted. 
The obvious effects could be traced by the change of symmetry of the 
peak and the shift of baseline. Thus the change should be incorporated 





P a r t II 
1. Introduction 
Calcium is the major metal in gallstones and it may be a major factor in 
the formation of gallstones. Quantitaion may provide valuable 
information in the diagnosis of the disease. 
u 
2. Principle of flame emission spectroscopy (FES) 
Flame emission spectroscopy(39) was formerly referred to as flame 
photometry. If a solution containing a metallic salt (or some other 
metallic compound) is aspirated into a flame (e.g. of acetylene burning � 
in air), a vapour which contains atoms of the metal may be formed. 
Some of these gaseous metal atoms may be raised to an energy level 
which is sufficiently high to permit the emission of radiation 
characteristic of the metal, e.g. the characteristic yellow colour imparted 
to flames by compounds of sodium. The Bohr's equation is the basis of 
the characteristic line emission. This is the basis of FES. 
The procedure by which gaseous metal atoms are produced in the flame 
may be summarised as follows. 
( i ) evaporation of solvent leaving a solid residue; 
( i i ) vaporisation of the solid with dissociation into its constituent 
atoms，which initially, will be in the ground state; and 
( ) some atoms may be excited by the thermal energy of the 
flame to higher energy levels, and attain a condition in which 
they radiate energy. 
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Instrumentation: 
Instrumentation includes a nebuliser-burner system and a 
spectrophotometer system. The nebuliser-burner system is used to 
atomize metals. The spectrophotometer system is used to measure the 




3. Introduction of the analysis of total calcium by FES 
Calcium^) was determined by atomic absorption spectroscopy after 
ashing gallstone samples at 6 0 0 � C for 18 h. 
In order to enhance the analysis of gallstones, removal of organic 
matters should be elaborated. The extent to which this disruption of the 
sample must be pursued, before interference in the final determination is 
minimized or eliminated. In some instances no treatment is required at 
all; in others all the organic material must be destroyed and between 
these extremes come all the possible intermediate degrees of 
decomposition. 
Removal of organic matters can be done by Wet Oxidation or Dry 
Oxidation^). 
Wet Oxidation: 
The vast majority of wet oxidation procedures involve the use of some 
combination of four reagents: sulphuric acid, nitric acid, perchloric acid 
and hydrogen peroxide. Before considering wet oxidation methods as 
such, it is useful to consider these four reagents separately. 
A. Sulphuric acid 
This is the most frequently used reagent for wet digestion, and is widely 
employed in conjunction with nitric acid, perchloric acid and hydrogen 
peroxide. 
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The interaction of sulphuric acid with organic compounds is very 
complex, and under suitable conditions, can cause oxidation, 
sulphonation, esterification, hydrolysis of esters, dehydration, or 
polymerization. Among them the most important reactions are probably 
the oxidation and dehydration. 
I 
The oxidizing action of sulphuric acid is attributable to the simplified 
reaction: 
H2SO4 • H20 + S02 + 0 . 
Although in most digestion procedures the function of the sulphuric acid 
is more to facilitate the action of the other oxidizing agents, than to 
serve as a primary oxidant itself. The oxidation reaction above requires 
the consumption of some 10 to 20 g of sulphuric acid for each gram of 
organic material, the largest amounts being required for hydrocarbons, 
and the smallest for highly oxygenated compounds, and this type of 
reaction, leading to the production of large amounts of sulphur dioxide, 
certainly occurs during wet oxidation with mixtures containing 
sulphuric acid. 
Generally the charred residue produced by sulphuric acid treatment is 
further treated with another oxidant, such as nitric acid or hydrogen 
peroxide, which continues the decomposition by further oxidizing the 
partially degraded fragments. 
The main disadvantages associated with the use of sulphuric acid are its 
tendency to form insoluble compounds, and, ironically, its high boiling 
point. 
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The insolubility of the alkaline earth sulphates can cause difficulties 
when dealing with samples rich in these elements, such as bone or milk, 
difficulties which are particularly serious when recovering lead which 
itself forms an insoluble sulphate. 
The high boiling point of sulphuric acid makes it difficult to remove the 
excess acid after completion of the oxidation, and while this is not 
important for elements readily extractable from acid solution, it is 
inconvenient for those requiring alkaline conditions, as it involves 
neutralization, with the attendant problems of contamination. The 
fr 
difficulty might be minimized by limiting the sulphuric acid taken to the 
amount which will be consumed in the digestio-n,- but- it is not always 
easy to judge this. 
B. Nitric acid 
Nitric acid is the most widely used primary oxidant for the destruction 
of organic matter. It reacts readily with both aromatic and aliphatic 
organic materials, giving rise to oxidation, esterification and nitration 
reactions. Aliphatic polyhydroxyl compounds are particularly 
susceptible to oxidation by nitric acid, being rapidly degraded to simple 
carboxylic acids, a factor of considerable importance in the destruction 
of natural materials which contain many such compounds. 
The concentrated acid boils at about 120 °C, a factor which assists in its 
removal after oxidation, but which correspondingly limits its 
effectiveness. Nitric acid is commonly used in the presence of sulphuric 
acid，which partially degrades the more resistant material, or with 
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perchloric acid, which continues the oxidation after the nitric acid has 
been removed. 
The nitrating power of nitric acid can sometimes be a disadvantage, as 
many nitro compounds are more resistant to attack than their parents. 
When this constitutes a serious risk it may be desirable either to start the 
oxidation with dilute nitric acid, which can oxidize some aromatic 
compounds, or to degrade the material with sulphuric acid before 
adding the nitric acid. -
r 
C Perchloric acid 
‘4 
Although this acid has been used for hundreds of thousands of 
oxidations without incident, the occurrence of occasional explosions of 
quite stunning violence, has led to it being viewed with grave suspicion. 
There is no doubt that, handled with knowledge and care, this reagent is 
extremely efficient in the destruction of organic material, and from a 
technical rather than a safety viewpoint, a mixture of nitric and 
perchloric acids probably has less disadvantages than any other 
oxidation mixture. 
When perchloric acid is heated with hydroxyl compounds, unstable 
perchlorate esters will be formed. However, hydroxyl compounds such 
as alcohols and carbohydrates are very susceptible to oxidation with 
nitric acid, and preliminary treatment with this reagent can be used to 
remove this source of danger. Accordingly, the use of nitric acid in 
addition to perchloric acid will give protection against explosion during 
the oxidation of these hydroxylic materials, provided that sufficient 
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nitric acid is present, and the reaction is allowed to proceed for an 
adequate period. 
D. Hydrogen peroxide 
Small amounts of hydrogen peroxide have been used for many years as 
a final treatment to remove small traces of colour remaining in solution 
after organic material has been oxidized with other mixtures, such as 
sulphuric and nitric acids. However, within the last decade or so 
solutions containing 50 % or more of hydrogen peroxide and with a 
high level of purity leading to high stability, have become available, and 
these solutions are being used as primaiy oxidants in association with 
sulphuric acid. The advantages of such solutions of hydrogen peroxide 
are well worth considering. They are powerful oxidizing agents: the � 
only decomposition product left behind is water, and their purity is high, 
with about 1 ppm of sodium and 0.05 ppm of aluminium being the only 
metallic impurities: They appear to be safe in use. 
Oxidations with hydrogen peroxide in acid solution are considered to 
involve permono sulphuric a c idp re pa re d in situ by reaction with 
sulphuric acid—a reagent known to introduce oxygenated groups into 
many kinds of organic molecule. Combined with the dehydrating action 
of sulphuric acid, this type of reaction will rapidly degrade many 
organic materials to small species. 
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Dry Oxidation: 
The term "Dry Oxidation" is generally applied to those procedures in 
which organic matter is oxidized by reaction with gaseous oxygen, 
generally with the application of energy in some form. Included in this 
general term are the methods in which the sample is heated to a 
relatively high temperature in a stream of air or oxygen; the related low-
temperature technique where excited oxygen is used; bomb methods 
using oxygen under pressure; and the oxygen flask technique in which 
the sample is ignited in a closed system at approximately atmospheric 
pressure. Oxidative fusion methods are considered separately. 
All the methods involve the following series of processes, although the 
relative significance of each of them varies from one method to the 
other. 
1) Evaporation of moisture. 
2) Evaporation of volatile materials including those produced by 
thermal cracking or partial oxidation. These may or may not be 
further oxidized in the gas phase. 
3) Progressive oxidation of the non-volatile residue, until all organic 
matter is destroyed. 
Although all three processes occur in all diy oxidations, it is not always 
possible to distinguish them as separate stages. They are perhaps most 
easily separated in the conventional ashing procedure in which the 
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organic material is heated in an open vessel with free access of air or 
oxygen. 
In conventional analytical practice the first two steps in such a 
procedure are usually carried out at a temperature much lower than that 
used to complete the oxidation. This is largely to prevent ignition of the 
volatile and inflammable material produced by the process of 
destructive distillation and partial oxidation, as this would lead to an 
uncontrolled rise in temperature, and an increased chance of loss of 
material. An exception to this is found with petroleum products where 
the material is often purposely ignited in order to remove the bulk of the 
inflammable material. The preliminary low temperature treatment in the 
conventional process can be achieved in many ways; by heating gently 
over a flame, by heating with an overhead source of heat such as an 
infra red lamp, or even by insertion into the muffle furnace at a low 
setting. Heating over a flame is rapid, but requires continual attention; 
the restricted access of air to the interior of a furnace tends to lead to 
accumulation of inflammable material, with an increased risk of 
uncontrolled burning: the best method of all is probably the use of an 
infra red lamp, which, although rather slow, can be left unattended for 
long periods of time, and, if necessary, lends itself to enclosure of the 
sample in an atmosphere of filtered air. An apparatus of the type shown 
in Fig. 13 was recommended for this purpose, and has the additional 
refinement of a hot plate to increase the rate of oxidation and so reduce 
the duration of the treatment required. 
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Pyrex dish v 
""s" I ^__Filtered air in 
. , Air out 
, I I V � ^ - i - U - , 
^Temperature controlled 
hot plate 
Fig. 13. Apparatus for dry oxidation 
A possible alternative method of treatment would be to carry out the 
initial treatment in an inert gas atmosphere. This would clearly require 
the use of an enclosed system, but it might offer some advantages, such 
as freedom from fear of" ignition and the ability to use fairly high 
temperatures to achieve rapid thermal degradation of the organic 
material. When the evolution of volatile material was complete, air or 
oxygen could then be introduced to carry out the final oxidation of the 
charred residue. 
The third stage of the operation, the progressive oxidation of the non-
volatile residue, is a complex process which has not proved amenable to 
detailed study. The material remaining after the preliminary treatment is 
a more or less porous mass of charred organic matter with greater or 
smaller amount of inorganic material distributed throughout it. 
The experiment was divided into two parts. The first part was to 
compare the percentage of sample dissolved in different acids. The 
second part was to compare the percentage expected value of calcium, 
as it was the major metal in gallstone samples, by Flame emission 
spectroscopy with different oxidation methods (wet oxidation and dry 
oxidation) of the samples. 
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Basic principle of Flame emission spectroscopy and related techniques: 
Combustion flames(42) provide a means of converting analytes in 
solution to atoms in the vapor phase freed of their chemical 
surroundings. These free atoms are then transformed into excited 
electronic states by one of two methods: absorption of additional 
thermal energy from the flame or absorption of radiant energy from an 
external source of radiation. 
In the first method, known as flame emission spectroscopy (FES), the 
energy from the flame also supplies the energy necessary to move the 
electrons of the free atoms from the ground state to excited states. The 
intensity of radiation emitted by these excited atoms returning to the 
ground state provides the basis for analytical determination in FES. 
In the second method, atomic absorption spectroscopy (AAS), the flame 
that contains the free atoms becomes a sample cell. The free atoms 
absorb radiation focused on the cell from a source external to the flame. 
As in all absorption spectroscopic methods, the incident radiation 
absorbed by the free atoms in moving from the ground state to an 
excited state provides the analytical data. A major modification of AAS 
was the replacement of the flame by an electrothermal furnace 
(electrothermal atomic absorption spectroscopy, EAAS), resulting in 
improved detection limits for many elements. 
In both FES and flame AAS, the sample solution is introduced as an 
aerosol into the flame, where the analyte ions are converted into free 
atoms. Once formed, the free atoms are detected and determined 
quantitatively by FES or AAS. If the source of exciting radiation is 
placed at right angles to both the flame and the optical axis of the 
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For simplicity, single acid was used in wet oxidation. The performance 
of common acids (sulphuric, nitric and hydrochloric acids) were 
compared. 
All acids and calcium carbonate standard were analytical grade. 
All glasswares were acid-washed. 
r 
\ 
4.1 Methods of digestion 
Three sintered glass crucibles with porosity grade 3 (15-40 microns pore 
size) were dried at 105°C for 24h. They were allowed to cool in a 
desiccator and their weight were obtained. About 0.1 g sample was 
digested with 50 mL concentrated sulphuric, nitric and hydrochloric 
acids in three separated Pyrex 100 mL beakers until the volume were 
reduced to about 5 mL. The residue was transferred to the conditioned 
sintered glass crucible. It was dried at 105�C for 24h, then cooled in a 
desiccator and weighed. The gain in weight and percentage of dissolved 
sample was determined by the following formula. 
% dissolved sample = [ w3 - ( w2 - Wj) ] / w3 x 100 % 
where w! = weight of conditioned crucible (g) 
w2 = weight of conditioned crucible + 
residue after digestion (g) 
w3 = weight of sample used (g) 
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4.2 Methods of oxidation 
In wet oxidation, 0.1 g calcium carbonate standard/sample was placed 
into a 100 mL Pyrex beaker. And 3 mL water was added first. Then, 20 
mL concentrated acid (recommended by Part 4.1) was added. A watch 
glass was placed over the beaker for condensation of gaseous acid. The 
sample was heated with a hot plate. Wlien the volume of acid was 
reduced to about 5 mL, the beaker was allowed to cool. Another 20 mL 
concentrated acid was added and the beaker was heated again. The 
procedure was repeated until the solution became clear. The sample 
solution was filtered into a 50 mL volumetric flask with an ashless filter 
paper. It was made up to the mark with distilled and deionized water. 
In dry oxidation, 0.1 g calcium carbonate/sample was placed into a 
silica crucible with a cover. It was placed into a furnace. Then, the 
flimace was set at 600°C for 18 The crucible was allowed to cool. 3 
mL distilled water and 5 mL concentrated acid (recommended by Part 
4 1 ) w e r e added. It was heated until vapour was evolved. The cooled 
solution was filtered into a 50 mL volumetric flask with an ashless filter 
paper. It was made up to the mark with distilled and deionized water. 
The final solution from both parts was analyzed for calcium by flame 
emission spectroscopy with the following condition. 
Instrument: Vaiian 30 Atomic Absorption Spectrophotometer 
Wavelength (nm): 422.7 
Bandpass (nm): 0.5 
Flame: air-acetylene 
Acetlyene flow (mL/min )： 1.5 
Integration time ( s ) : 5.0 
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4.3 Calibration data for calcium standard 
Calibration data were shown in table 34. 
3 ppm Calcium was spiked into a sample to test the percentage expected 
value. The percentage expected value was calculated by dividing the 
concentration found from the calibration curve by the expected value, 
and multiplying 100. The procedure was repeated ten times with 
different samples and the average value was obtained. 
i* 
Concentration range = 0-7 ppm 
Table 34. ‘‘ 
Typical data for the calibration of calcium 
Standard Correlation y-intercept Slope Percentage expected RSD (%) 
Coefficient ( r ) value (%, w/w) 
calcium 0.9999 0.0314 0.0901 94^0 L3 
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5. Results 
The results of the methods of digestion were shown in table 35 while 
the results of the methods of oxidation were shown in table 36. 
The results of 50 samples were shown in table 37. 
Table 35. 
Results of the methods of digestion 
% dissolved after digestion with 
Sample No. H2S04 HN03 HCl 
1 — 98J 99^ 8 614 
2 “ 99.8 : ~ 9 9 J 6 i6 
3 99^6 99J 663 
4 “ 9^9 906 619 � 
5 “ 992 993 662 
6 — 993 993 6^9 
7 • 98.6 99J 7L6 
8 “ 98.3 99A 6X4 
9 ‘ 99.1 9^6 7L8 
1 0 “ 98.6 9976 716 
~ M a x - 99.8 99.8 75.6 
“ 98.3 99.3 62.4 
Mean 99.0 99.6 68.2 一 
The dissolving power of sulphuric acid is good, however sulphuric acid 
will char samples and more resistant compounds will be formed. On the 
other hand, nitric acid will not produce resistant compounds. 
Since the higher percentage of a sample dissolved in nitric acid, nitric 
acid was recommended to dissolve the gallstone samples. 
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Table 36. 
Results of the methods of oxidation 
Percentage expected value of CaC03 
(10 tests)/% 
Wet oxidation 92.3 
Dry oxidation 97 9 “ 
Table 37. 
Results of 50 samples 
r 
Sample No. % Ca by wet oxidation % Ca by dry oxidation 
1 “ 10.0 � 1 0 7 “ 
2 ^6 一 6^8 “ 
3 ^ 4 . 
4 “ ^ 9 
5 ^ 2 ^ 
6 57 5 1 
7 ‘ 2 . 2 ‘ 
8
 3.8 —— 1 6 
9
 3.2 — 3 1 
1 0
 — 4.1 一 4 1 
1 1 ‘ 5.6 16 
1 2
 ‘ 6.4 “ 6 7 
1 3 ‘ ^ 6 
1 4 “ 6.7 6 ^ 
1 5
 “ 9.6 —— ^ 
1 6 一 8^ 9 
1 8 ^ f u 
1 9 8.2 ~ 
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Sample No. % Ca by wet oxidation % Ca by dry oxidation 
20 8 l 87 
2 1 8 l 
2 2 — 5.8 “ 67 
2 3 “ 6.9 —— T5 
2 4 ^0 TO 
2 6 r i 
~27 6A 6^ 9 
2 8 6A 6 j " 
29 6 l To 
~~30 TO 7^ 
3 2 O � 8 J 
3 3 79 
3 4 “ 7.0 一 J 2 � 
3 5 “ 4,3 — 
36 6A 6 ^ 
37 M 6 l 
38 57 6 l 
3 9 rn ^5 
~40 6^ 9 J 2 
4 1 3^9 4~3 
4 2 70 
92 
4 4 “ 7.3 一 rs 
4 5 — 6.5 —— e j 
4 6 “ 6.4 —— ~ T 5 
4 7 “ 6.4 — 6^ 
4 8 “ 7.7 —9 
4 9 ri To 
5 0 7.3 — r s 
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The relation between the calcium content found by dry oxidation and 
wet oxidation was plotted in Fig. 14. 
Detection limit: 
3 ppm Calcium was spiked into a sample and concentration was 
calculated from the calibration curve. The process was repeated 10 
times. The detection limit was calculated by multiplying the standard 
deviation by three(44). 
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Fig. 14 A graph of %Ca found by dry oxidation vs % Ca found by wet oxi ation 
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6. Discussion 
When 0.1 g calcium carbonate was used, the percentage expected value 
for the method of dry oxidation was slightly higher than that of wet 
oxidation. In addition, the concentration of calcium in samples 
determined by dry oxidation was generally higher than that determined 
by wet oxidation. 
The relation between the calcium content found by dry oxidation and 
wet oxidation was rather a linear relation as shown in Fig. 14. 
/r 
Dry oxidation was preferable to wet oxidation as the percentage 
expected value was higher and the procedures were simple. 
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PartHI 
1. Estimation of total calcium by FTIR 
Determination of total calcium by atomic absorption/emission 
spectroscopy is an acceptable method. Determination can be precise and 
accurate. However, it needs a relatively large-scale instrument and long 
time which are not affordable in medical laboratory. 
In order to solve the problems, estimation of total calcium by Infrared 
it 
spectroscopy is possible as long as most of the calcium form the major 
compounds (calcium palmitate, calcium bilirubinate and calcium 
carbonate). 
2. Experimental 
Total calcium, determined by atomic emission spectroscopy, was 
obtained as described in the previous section (Part II) using dry 
oxidation. 
Total calcium, determined by infrared spectroscopy, was obtained by 
taking account the atomic weight of calcium and molecular weights of 
the compounds. The calculation was followed by the following equation. 
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Total calcium 二 ％ CaPAL x (40/278.4) + % CaC03 x (40/100) + 
% CaBIL x (40/584.7) 
where 40 = atomic weight of calcium 
278.4 = molecular weight of calcium palmitate 
100 = molecular weight of calcium carbonate 





Results for comparing calcium content found by FES and FTIR were 
shown in table 38. 
Table 38. 
Results for comparison between % Ca found by FES and FTIR 
Sample No. I % C a b y F E S %CabyFTIR Difference~~ 
(y) (x) (y — x) 
1 而 103 074 
2 6.8 19 09 
3 4 l 0^ 
4 一
 4 0 42 ^ 2 
5 4 . 5 16 T i � 
6 ^ ^ 7 
7 40 7u 
8 14 02 
9 3 5 — 43 ^ 
1 0 ? ! i 6 T i 
11 ？6 63 ^ 
1 2 6 - 7 � 73 ^ 8 
1 3 ^ Ti ^ 3 
^ 6^ 9J ^ 2 
1 5
 9?7 ^ 2 
1 6 ^o ioo" To 
1 7 — 7.3 73 ^ 2 
1 8 H I 65 5^ 
1 9 8.5 8^ Oi 
2 0







T R F T caby(x)⑶7.68.4s.9sus4.8s.27.4s6.8.4s;cs8.15.6s.45.2.8s;;; % 5 
6 1 
« 1 1 








% l e I2122DM25MSS293031S3334M36S383940414243444546C48 
Sample % Ca by FES % Ca by FTIR Difference 
( y ) ( x ) ( y - x ) 
4 9 ^ 63 03 
^ i 8 L7 
Standard - . -j 6012 
deviation 
A graph of % Ca determined by FES against % Ca determined by FTIR 
was plotted as in Fig. 15. 
The relation could be summarised by the following formula. 













































































































































Total calcium can be estimated by FTIR measurement to give results as 
good as by the FES method. 
This estimation requires only a short time when compared with the 
conventional FES method. The results will be useful particularly in 






Quantitative analysis of gallstones by calibration curves using FTIR was 
good enough for routine analysis. There were interferences among the major 
components-cholesterol, calcium palmitate, calcium bilirubinate and calcium 
carbonate. The interferences were greatly reduced when a new set of 
representative peaks was selected. 
Total calcium was widely analyzed by FES. However, it was inappropriate 
in clinical laboratory. In clinical laboratory, large space for the installation of 
FES system is not practical. In addition, tests require less time will enhance 
medical diagnosis. Thus, the estimation of total calcium was proposed. That 
estimation was as good as the conventional FES method. 
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Example of the calculation of analyte content by the method of calibration 
curve: 
Sample T 7 was found to contain 10.0 % cholesterol by the method of 
calibration curve. 
0.5 g of sample T 7 was diluted to 10 g by potassium bromide. On the date 
of calibration, it was found to contain 0.5 % cholesterol. 0.5 g of that 
diluted sample, on the same day, «>vas mixed with 0.5 g of 0.5 % 
cholesterol standard. The total concentration of cholesterol should be 0.5 
%. 
Total absorbance = 0.1333 
The calibration data of the date of analysis was as follows. 
y = -0.0050 + 0.2907 x 
where y = absorbance 
x = concentration of analyte, % ( w / w ) 
Then, the concentration found was 0.48 in the diluted sample. 
Percentage expected value = (0.48 / 0.50) x 100 % 
= 9 6 . 0 % 
128 
The procedure was repeated 10 times for different diluted samples. 







Examples of the calculations of the analytes by 
the method of standard addition: 
Sample T 8 was tested as follows. 
Let x = concentration of analyte in the diluted sample 
a = concentration of standard added in the diluted sample 
Rx = instrument response when no standard was added 
R, = instrument response when standard was added 
DF = dilution factor 
Then ；c = (a X RJ / (民 - RJ 
The concentration of analyte in the original sample = j c X D F 
Cholesterol: 
0.2 g of the sample was diluted to 10 g by potassium bromide and it should 
contain about 0.7 % cholesterol by the method of calibration curve. 0.5 g 
of that diluted sample was mixed with 0.5 g of 0.5 % cholesterol standard. 
Dilution factor (DF) = 10 / 0.2 
= 5 0 
Absorbance without standard added (RJ = 0.1984 
Absorbance with standard added (RJ = 0.3422 
x = (0.5 x 0.1984) / (0.3422 - 0.1984) 
= 0 . 6 9 
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% CHOL = 0.69 x 50 
= 3 4 . 5 % (w/w), in the original sample 
The procedure was repeated 10 times. 
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